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ABSTRACf
Natural enclosures such as rockshelters and caves have long been associated with
aboriginal habitation in North America. However, these sites are often exploited by
predatory and scavenging animals as well. In the case of the sandstone rockshelters of the
Big South Fork River area of the Cumberland Plateau of Tennessee and Kentucky, three
groups of animals are potentially important as taphonomic agents in vertebrate faunal
assemblages. Background research and experimentation with (1) woodrats, (2) raptorial
birds, and (3) mammalian predators and scavengers reveal patterns in bone accumulation
and modification that may provide a basis for the identification of these particular agents
from faunal assemblages.Analyses of 92 vertebrate assemblages from rockshelters of the
Big South Fork area reveal patterns in bone modification, taxonomic composition, and
diversity indicative of a broad spectrum of influences. Sites range from entirely natural to
fully cultural; the majority, however, exemplify a mixture of both natural and cultural
components. The general implications for zooarcheological research are manifest:
understanding the the post-mortem history of archeofaunal assemblages is an absolute
prerequisite to higher level analyses. Well-grounded taphonomic evaluations are not
produced by intuitive reasoning, reliance on nonempirically-based assumptions, or
inadequate recognition of potentially relevant criteria. Taphonomy is a scientific
methodology based on the assumption that the fossil record is the product of an orderly
and therefore knowable sequence of phenomena. The adequate assessment of the
historical integrity of archeofaunal assemblages is ultimately the product of:
1. Observation and experimentation with contemporary phenomena and
elaboration of empirical generalizations correlating specific patterns with particular
causes.
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2. Application by logic of analogy, correlations between patterns and dynamic
processes discovered through observation and experimentation, to a particular
fossil assemblage.
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CHAPTER 1

INTRODUCfiON

In recent years zooarcheology, the study of faunal remains from archeological
sites, has become increasingly attuned to the modern paradigms of its parent discipline
archeology. When archeologists were preoccupied with antiquarianism, animal remains
from sites were rarely collected and often completely ignored (Daly 1969). Later, as
concerns for classification and description became pre-eminent, zooarcheological
identification and simple observation prevailed. The infamous "laundry lists" of
archeofaunal associations became a ritual part of the bodies (or more often appendices) of
reports produced by scholars whose paramount concerns were for normative
reconstruction (Medlock 1975:223).
With the more recent ascent of the processual approach in archeology, has come
an increased sensitivity to the archeological record as a nonrandom organization of
artifacts which alone supplies the evidence for past human behavior (Hill1970:15). Since
deriving meaning from the archeologic�l record ultimately hinges on interpreting
contextual relationships, researchers are finding it nearly impossible to convert
archeological observations into statements of dynamics without a clear understanding of
the historical integrity of the deposits with which they are dealing. As Binford (1981:19)
pointed out, sites are contained either in geological context, archeological context, or
some admixture of the two; it is only in the very rare instance of a completely
archeological context that associations between two or more elements can be construed as
representing systematic behavioral or dynamic relationships. More often sites are
catchments that become progressively distorted through the kinetics of the local
environment (Ascher 1968; Schiffer 1972, 1976). This is often a grave issue for
zooarcheologists who are alert to the fact that regardless of humans, the normal
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functioning of the environment can be expected to produce, deposit, preserve, and later
modify considerable amounts of animal bone. Clearly, there is a serious need for the
development and testing of methodologies that will allow researchers to distinguish the
cultural relationships in a given faunal assemblage through the natural environmental
imprint.

Zooarcheolo� and the Rockshelters ofth e Bi� South Fork River Area:
An Initial Glimpse of the Problem

I flrst became aware of the problem of distinguishing natural from cultural
constituents in faunal assemblages during the course of preliminary analyses on faunal
remains from rockshelters in the Big South Fork area of the Cumberland Plateau of
Tennessee and Kentucky. These materials were the product of nearly two years of
surveying and testing within an area designated for the construction of a National River
and Recreation Area by the U.S. Army Corps of Engineers (Ferguson and Pace 1981) .
During the 1982 fleld season, the Big South Fork Archeological Project (BSFAP) survey
teams located and mapped 2080 rockshelters. Ninety-two of these sites yielded vertebrate
faunal remains.Fifty-four of these faunal sites also contained prehistoric cultural
assemblages. In other words, more than 40% of the Big South Fork faunal assemblages
could not be even indirectly associated with an archeological context.
The problem I faced with the analysis of the Big South Fork faunal assemblages
was elementary, but perplexing: natural enclosures such as caves and rockshelters have
long been associated with aboriginal habitation in North America. However, these sites
are often exploited by predatory and scavenging animals as well (Parmalee 1985;
McGuire 1980; Schmid 1969). Given that 38 faunal assemblages had no apparent cultural
context and were perhaps fully natural assemblages, can the other 54 assemblages be
treated as fully archeological simply because they were incorporated in rockshelters
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having other classes of cultural material? A more imposing question, of course, is how to
separate the natural from the cultural faunal components in these sites so that
zooarcheological analyses may proceed. The archeological literature suggests that this
problem is endemic among Cumberland Plateau rockshelters. The following three
examples serve to illustrate the breadth of the problem.
Example 1: QuakerState Rockshelter
The Quaker State site (36VE27) is a sandstone rockshelter approximately 5- 7 min
height and depth, overlooking the Allegheny River in Vanago County, Pennsylvania.
This rockshelter is very similar in size, shape, and lithology to many of the sites in the
Big South Fork River area. Excavated by Paul and Moffit (1959), remains were
·chronologically mixed but largely representative of the Woodland Period (100 B.C.- .
A.D.900). In their analyses of the substantial zooarcheological assemblage from Quaker
State, Guilday and Tanner (1962:136) openly recognized the potential for contamination
by intrusive animals:
In rockshelters...occupation is often intermittent or seasonal and when humans
leave, the animals move in. Carnivores often den in such areas;· rodents live there
normally; snakes hibernate in such spots. The result is a collection of bones, not
all of which are associated with the aboriginal occupation. It is not possible to
state categorically which species was or was not associated with the human
occupation as food remains.
Nevertheless, the authors attempted an informal separation of natural from cultural bones
in the assemblage. The presence of approximately 89% of the identified material, (mostly
from l�ge mammals) was attributed to the prehistoric inhabitants of the site; the
remainder (mostly smaller taxa) was attributed to natural or uncertain agents.
Interestingly, the Quaker State assemblage contained specimens from several predatory
and scavenging taxa including wolf, bobcat, fox, and raccoon. Is it possible that these
animals were not cultural, as listed by Guilday and Tanner (1962), but natural
components of the faunal assemblage? As such, could any of the other taxa in the
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assemblage, thought to represent human foods, actually be the product of natural
accumulations from predators or scavengers?

Example 2: Cloudsplitter Rocksbelter
The Ooudsplitter site (15MF36) is a large sandstone rockshelter approximately

175 km northeast of the Big South Fork area in Menifee County, Kentucky. Here, too,
the archeologists Cowan et al. (1981:72) recognized that the analyses of faunal remains
might be obstructed by the complexity of natural factors:

In analyzing the different types of faunal remains, great care was taken to consider

the variety of depositional and post-depositional events that have resulted in a
complex and sometimes confusing assemblage.

Cowan et al. ( 1981 :73) attributed a portion of the assemblage including bats, shrews,
mice, salamanders, lizzards, birds, snakes, and fish as noncultural, probably deposited
via raptorial birds.
Many of these do not seem to be human prey, as the bones are complete, and the
animals in life weighed only from three to ten grams... These animals are not part
of our model for human subsistence; rather they are a sample of small animals
from the site to which other data on prehistoric climates and vegetation can be
compared.
The subsequent analyses of prehistoric subsistence at Cloudsplitter largely involved
assessment of changes over time in the proportion of various sized animals in the
aboriginal diet. While it is not clear precisely which taxa were included in this portion of
the analysis, it hardly seems adequate to delineate the raptor contribution strictly on the
basis of completeness of elements and a 3- 10 gm live weight. How were these criteria
selected? Is it impossible for raptors to consume prey that weigh less than 3 gm or more
than 10 gm and deposit the remains in fragments? Furthermore, is it possible that
aboriginals might have consumed animals in the 3-10 gm weight range?
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Case 3: Meadowcroft Rockshelter
Meadowcroft Rockshelter (36WH297) is a south-facing site, approximately 65
m2in surface area, located neara small tributary of the Ohio River in Washington
County, Pennsylvania. Like the Big South Fork rockshelters, Meadowcroft is situated in
the unglaciated Appalachian Plateau, nested in a coarse-grained, crossbedded sandstone
cliff face. The site reportedly contains a deeply stratified archeological assemblage with
the earliest occupation levels dating before 19,000 B .P. (Adovasio et al. 19 83). A
relatively large faunal sample from Meadowcroft was reported by Adovasio et al.
(19 83:1 80). Interestingly, all animals identified from all levels of the site were temperate,
Carolinian taxa--even those in strata thought to date from Ice-age times. Adovasio et al.
(1983:184) interpret these findings by invoking a theory by Braun (1950) which holds
that during glacial advances no major biotic migrations occurred in unglaciated eastern
North America. However, this theoryis inconsistent with data from several sites
relatively close to Meadowcroft rockshelter. For example, New Paris #4 ( Guilday et al.
1964), Bootlegger sink ( Guilday et al. 1966), Carlisle cave (Leidy 1 889), and
Frankstown cave (Peterson 1926) all lie within 175 kmof the Meadowcroft, and contain
fully boreal faunal assemblages in their glacial-age deposits. While the validity of the
radio-carbon dates from Meadowcroft has recently been the subject of debate (Haynes
1980), at least one aspect of the faunal assemblage suggests that the stratigraphic integrity
of the deposits may also be in doubt. The Meadowcroft assemblage contained a
substantial quantity of rodent remains including 141 specimens of eastern woodrat

(Neotomajloridana) from 9 of the 11 levels in the site (Guilday and Parmalee nd).
Adovasio et al. (1978:168) openly recognized the possibility of some distortion from
these animals :
Rodents were undoubtedly responsible for assembling many of the thousands of
small seeds encountered throughout the Meadowcroft talus.
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It is well documented that woodrats also tend to collect animal bones in cave and
rockshelter sites (Handley 195 6; Poole 1940; Leopold and Hall 1 945 ). Is it possible that
these rodents were responsible for the deposition of some portion of the faunal remains at
Meadowcroft Rockshelter? Could rodent activities have resulted in the stratigraphic
arrangement

of the faunal assemblage?

Cultural Versus Natural CoiD.Qonents in Faunal

Assembla�s:

The Search for an AppropriateMethodolo�

The above examples serve to illustrate a range of methodologies that have directed
the course of analysis not only in rockshelters situations, but through all realms of
zooarcheology. Onone hand the separation of natural from cultural constituents in faunal
assemblages may proceed without any explicit theoretical foundation, and may involve
intuitive or even arbitrary analytical decisions, such as in example 1 from the Quaker State
site. Inother instances such as example 2 from the Cloudsplitter site, the theoretical
groundwork for separating natural from cultural faunal assemblage components may lack
empirical foundations and may therefore incorporate potentially false assumptions.
Lastly, as in example 3 from Meadowcroft rockshelter, the determination of natural from
cultural elements of a faunal assemblage may proceed without ade quate recognition of
potentially relevant criteria.
The purpose of the above discussion is not to dispute anyone's interpretations,
but rather to examine the validity of their methods. The conse quence of inade quate or
improper techni ques in assessing natural site formation processes in any archeological
analysis will involve an increased vulnerability to "modem myths" (Binford 1981); where
methodological errors lead to false judgements at the lowest levels of analysis, they lead
to the production of invalid scenarios at the level of synthesis . Consider momentarily, the
case of Millie's camp from Bonnichsen's (1 973a ) study in archeological inference
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making. Mter excavation and analysis of a modern Indian camp site, the validity of
inferences about the material culture were checked by interviewing the actual site
inhabitants. The study clearly demonstrated the manner in which small errors in
judgement can become enormously compounded and amplified through the various stages
of analytical reasoning. In this case, the ultimate product of analysis amounted to a
glaring, false scenario about past cultural activities.
Taphonomy: A Methodoloiy in the Service ofZooarcbeoloiY
As previously stated, archeologists have become increasingly interested in the
study of site formation processes (Schiffer 1972; Behrensmeyer 1975; Behrensmeyer and
Hill 19 80; Gladfelter 1977; Gifford 1978, 1981; Lyon 1970). Among zooarcheologists
this interest has lead to a concern with taphonomy, the formal study of the post-mortem
history of biotic communities. The recognition of an alliance between archeological
method and taphonomy has become particularly evident among researchers with special
interests in environmental problems. For example, Gifford (1 981) stridently heralded
taphonomy as archeology's "sister discipline." She maintained that the relationship
between archeology and the synthesis of prehistoric cultural process is analogous to the
relationship between taphonomy and the synthesis of paleoecology. However, this
perspective would seem to render all of archeology as merely paleocultural taphonomy.
Perhaps the more appropriate view is of archeology and paleontology as sister disciplines
striving for an understanding of paleocultural and paleoecological processes, respectively.
In this manner, taphonomy may be viewed as a methodology common to both fields,
archeology and paleontology. The potentially critical role of taphonomy as an elementary
methodology is particularly evident in the subfield of zooarcheology. Like
paleontologists, zooarcheologists utilize data that is comprised of biotic elements. Since
many of the questions concerning the post-mortem history of these elements are
ultimately applied toward delineating natural from cultural processes, the application of
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taphonomic methodologies must be viewed as an indispensable prerequisite to higher
level analysis.
The eventual aim of this dissertation is to return to the Big South Fork rockshelter
faunal data--to reassess the historical integrity of the assemblages in light of a variety of
relevant taphonomic research. Chapter 2 begins with a general discussion of taphonomy:
its history, methods, and precepts. This will serve to lay a theoretical groundwork for
taphonomic analyses relevant to the Big South Fork faunal remains. Subsequently
(Chapters 3- 5), background research is presented on several types of natural agents
which may have been responsible for the production and modification of bone
assemblages in Big South Fork rockshelters. The analyses of woodrats, raptorial birds,
and mammalian predators and scavengers include a variety of relevant background
research as well as several original actualistic studies devised with the Big South Fork
situation in mind. These studies were specifically oriented toward the problem of
identifying natural factors that might have affected the Big South Fork rockshelter
assemblages. Finally, (Chapters 6-7) the Big South Fork area environment and
rockshelter faunal data are reviewed and assessed in light of the relevant taphonomic
research. The reader is advised to keep in mind that the ultimate goal of this study is not
to produce a "cookbook" for mitigating the effects of natural agents in cultural rockshelter
faunal assemblages, although I must confess that this was an initial motivation. Most
important, is the formal evaluation of natural processes which might significantly affect
the interpretation of archeofaunal materials, and the development and testing of general
techniques for understanding natural patterns present in fossil assemblages.
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CH A PTE R 2
ME TH OD AND Tiffi O RY IN T A PH ON OMI C RE SE A R CH
The Development of Taphonomyin Paleontolo�y
The term taphonomy was first introduced by a Russian paleontologist, I. A.
E fremov (1940) as a synthesis of two Greek terms, taphos, meaning tomb and nomos,
which connotes laws or systems of law. Before E fremov's contribution, however, a
German school of paleontological research began exploring formally a number of related
issues. The foremost of these involved the notion that the historyof fossil assemblages is
composed of a logical, ordered se quence of events . Inan important paper by Weigelt
. · (1919),the formal study of the historyof fossil assemblages was initiated through the

introduction of the term biostratinomy,the study of environmental factors affecting
organic materials from t�e moment of death to to the time of their final burial. This
contribution set the groundwork for a number of eminent studies on the nature of skeletal
dispersion and the various effects on paleoecological reconstruction (Weigelt 1927;
Shotwell 1955; Voorhies 1969). From the works of Weigelt and other early twentieth

·

century German scholars such as Abel (1914), Richter (1 928), and Hecht (1 933) came a
long-standing tradition among European paleontologists of viewing fossil assemblages as
the product of four distinct historical durations: the life of org anisms, their death, final
burial, and discovery by scientists (Lawrence 1971; 1979). The importance of these
concepts is reflected in the various terms applied to fossil assemblages. Concepts such as
thanatocoenose (death assemblage ), biocoenose (life assemblage ),taphocoenose (burial
associations ), and cryptocoenose (exposed associations ) reiterate the early German
paleontological notion that fossils are the product of distinctive and varied historical
events (Hecker 1965; Boucot 1953).

9

The importance of E fremov's (1940) contribution was not so much in defining the
realm of taphonomic analysis as in formalizing taphonomy as a recognized subdiscipline
of paleontology in the modemmode of scienti fic in quiry . Implicit in Efremov's (1940:85)
conception of the study of the "transition of animalremains in all its details from the
biosphere into the lithosphere... " is that processes involved in the fossilization of animal
remains are orderly and knowable. Subse quent research by Efremov ( 1953) f ocused on
discerning regularities in the processes of fossilization.
What might be called the modem school of taphonomic research eventually arose
around a body of European literature that f ocused on the concept of "fossildiagenese."
This term, first employed by Muller (1951; 1963),is a perfect complement to Weigelt's
(1919) concept, biostratinomy . Fossil diagenesis, like biostratinomy refers to the
historical se quence of events in the life history of a fossil assemblage ; the former,
however,refers to events that take place �the time of the final burial of biotic material.
The majority of the paleontological studies of fossil diagenesis have f ocused on the post
entombment deformation of invertebrate assemblages (Cloos 1947; Ferguson 1963;
Nissen 1964; Purdy 1969; Sdzuy 1966) .
Muller's (1951) idea of synthesizing both biostratinomy and fossil diagenesis in
the service of paleoecology was perhaps best elaborated for the modem school of
taphonomy by the American, David Lawrence. Inan import ant paper, " Taphonomy and
Information Losses in Fossil Communities," Lawrence ( 1968) clearly outlined how fossil
diagenesis, biostratinomy, and paleoecology correlate with distinct time intervals in the
life history of fossils. Lawrence ( 1968: 1316) emphasized the necessity of taphonomic
studies as a preliminarystep toward paleoecological reconstruction :
Success in paleoecology depends largely upon the worker's ability to strip away
the taphonomic overprint.
The criticalconcept here is that post-mortem processes involve information losses either
from nonpreservation or the vagaries of transport. Thus, implicit in Lawrence's (1968)
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approach to paleoecological reconstruction is that a fossil assemblage is a fragmentary
record of a once living community. Stripping away the so-called "taphonomic overprint"
involves a sequence of inferences tracking post-mortem processes in reverse; to consider
a fossil assemblage, then remove one by one the effects of historical processes thereby
rectifying natural biases impinging on understanding the former ecological situation
(Holtzman 1979; Herm 1972).

Ta,phonomic studies jn the ServiceofZooarcheolo�
. Archeologists have generally tended to follow the Lawrence ( 1968) model of
taphonomic analysis. The objective of recovering lost information or stripping away the
taphonomic overprint is facilitated through viewing the history of fossil assemblages in
discrete time intervals or durations. For example, in a recent methodological primer in
zooarcheology, Klein and Cruz-Uribe (1985) defined five types of assemblages on the
basis of temporal context:

1. Life assemblages: animals as they were in life.
2. Death assemblages: animals at the moment of their death.
3. Deposited assemblages: remains at the time of burial.
4. Fossil assemblages: remains at the time of excavation.
5. Sample assemblages; the product of excavations.
Obviously, the static, sample assemblage is the principal object of taphonomic analyses;
however, the subject of analyses concerns the dynamic of its former states. The latter may
be extracted through inductive reasoning. Klein and Cruz-Uribe (1985) recognized that
each of the five assemblage types is linked by processes termed transformations.
Researchers acquire an understanding of the transformation processes through
observation and experimentation with contemporary phenomena. With the application of
analogical reasoning researchers gain the means for interpreting the static,
zooarcheological materials in dynamic terms. The static to dynamic interpretation is a
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crucial step in taphonomic analysis; some philosophical implications of this step are
addressed later in this chapter.
Six Essential Characteristics ofSample Asserobla�es
While zooarcheologists have, in principle, embraced taphonomy in a manner
consistent with the traditional paleontological approach, in practice, the objectives of
analysis have been more focussed.The primary goal in many cases has been the
development of methodologies for distinguishing whether natural or cultural agents were
responsible for the presence and condition of a given assemblage.Toward this goal
taphonomic studies in the service of zooarcheology have traditionally focussed on six
characteristic of faunal assemblages.
1. Representation of skeletal elements. A variety of natural processes including
predators, scavengers, decay, weathering, hydrolytic transport, trampling, and geological
events may conspire to scatter and destroy faunal remains thereby creating differential
representation of skeletal elements.The first zooarcheologist to recognize formally that
these processes might be distinguished in a sample assemblage through the proportion of
skeletal elements wasT. E. White. In a series of publications White (1952, 1953a, 1954,
1955) examined m ammal remains from a number of Central Plains Indian sites in order to
demonstrate that differential element representation might correlate with three factors: the
size of the animal; the differential food value of the parts; and the distance between the
_camp site and the kill site.The so-called the "schlepp effect" (after Perkins and Daly
1968) maintains that heavier elements with less potential food value are less likely to be
transported long distances.
Clearly, the schlepp effect is of questionable value when used as a taphonomic
principle.The schlepp effect implies a mini-max behavioral strategy (minimizing effort
expended while maximizing energy gained); thus, it is a favorable maneuver for predators
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and scavengers as well as humans. Consequently, schlepp effect cannot be trusted as a
means for separating natural from cultural components in a faunal assemblage.

A more recent use of skeletal representation for taphonomic research was
Thomas' (1 971) application of a skeletal completeness index (CSI), an adaptation of a
technique developed by the paleoecologist Shotwell (1955, 1 958) . Implicit in the
Shotwell model is that the further removed an animal's remains were from its natural
habitat, the less complete its skeletal representation. Shotwell (1 955) applied the term
"distal community" to those taxa in an assemblage having incomplete skeletal
representation; conversely, the tenn "proximal community" was applied to taxa having
more complete skeletal representation. The Thomas (1971) adaptation assumed that the
activities of humans (e.g., hunting, transpon, and preparation of animals for food)
delimits skeletal completeness--analogous to the distal community in the Shotwell model.

A relatively simple computation for the CSI is applied to each taxa from an assemblage by
dividing the number of identified specimens (NISP) for each taxa by the minimum
number of individuals (MNI), then adjusting for the variability of number of identifiable
elements between taxa. If the CSI calculations reveal a bimodal distribution for the
sample, the high mode is interpreted as representing in situ death of animals or the natural
component; the low CSI mode is interpreting as representing the disturbed animals or the
cultural component.
Aside from the potential technical problems with CSI (namely, that variable
magnitude ofNISP can affect the CSI calculation) Thomas' (1971) assumption of
proximal and distal communities being directly analogous to natural and cultural
components is questionable. CSI values may vary in either fully natural of fully cultural
faunal assemblages as a result of differential behavior by animal or human agents,
respectively. Thus, CSI alone cannot be regarded as an accurate method for
distinguishing natural from cultural bones an assemblage. Nevertheless, when viewed
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from an appropriate perspective, CSI offers some interesting possibilities for testing
hypotheses for the origin of certain taxa in a sample assemblage.

2. Bone breaka�epatterns. Efforts to reconstruct the post-mortem history of a
faunal assemblage by patterns of breakage have long been accompanied by controversy in
the field of archeology. For example, Raymond Dart's (1949, 1957) assertions that bone
breakage patterns from certain South African fossil assemblages exhibited spiral fractures
from a "crack and twist" technique and therefore denoted the predatory habits of early
hominids have been vigorously contested (Washburn 1957; Brain 1976, 19 80; Klein

1975; Shipman and Phillips-Conroy 1977). However, the idea that humans may produce
distinctive patterns of breakage on bones through food processing activities is not likely
to be abandoned by zooarcheologists. A number of researchers have supported the
position that bone grease and marrow extraction processes leave very distinctive fracture
patterns on long bones (Leachman 1951; Sadek-Kooros 1971; Noe-Nygaard 1975, 1977;
Vehik 1977; Bonnichsen 1973b, 1979; Archer et al. 19 80). Others, however, have
shown that these patterns can be produced by a variety of natural agents including wolves
(Haynes 1980, 1981, 1983; Binford 1981; Dixon 1984), hyenas (Sutcliffe 1970; Brain

1981), dogs (Hill 1976, 1979), animal trampling (Myers et al. 1980), river ice breakup
(Thorson and G uthries 1984), and even volcanic activity (Lyman 1984). Shipman

(1981:106) pointed out that few agents can be clearly identified on the basis of simple
breakage patterns alone. Thus, for taphonomic purposes it is imperative to view breakage
patterns in the context of the full assemblage and in conjunction with other lines of
evidence.

3. Burned bones. The assumption that humans produce greater amounts of
burned bones than other taphonomic agents is based on cultural habits such cooking and
ancillary uses of fire. A number of researchers have sought to use percentage of burned
bone

as a

criteria for separating human and natural food remains from sample
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assemblages (Cook 1964; McGuire 1980; Gustavson 1972; Balme 1980; Brieur 1977).
However, a number of natural factors may contribute to burning of bone. For example,
Balme (1980) found low but persistent amounts of burned bone in a pit trap assemblage
that was deemed noncultural. In another case, Heizer and Brooks (1965) suggested that
brush fires in woodrat houses might have accounted for hearth-like features in a site in
Texas. Finally, during the BSFAPreconnaissance survey, charcoal was frequently found
in rockshelters not otherwise associated with human exploitation. Clearly, burned bone in
assemblages cannot, by itself, be taken as an indication of cultural processes.

4. Butcherin�marks. The tendency for humans to produce distinctive marks on
bones from animals that were processed for meat and hides has been noted by a number
·of researchers. Studies by Guilday et al. (1962), Wheat (1972), Wood (1968), Frison

(1970), and others attempted to identify distinctive cut marks on specific anatomical parts
of certain taxa of animals. In some cases these marks are correlated with ethnographically
known processes for skinning and butchering. However, while skinning and butchering
marks are irrefutable evidence of cultural agents, the identification of these marks is
sometimes ambiguous. Two criteria for recognition of butchering marks elaborated by .
Guilday et al. (1962) include:

1. Repetition in specimen after specimen at precisely the same location on the

bone.
2 ..some anatomically dictated reason why a given mark should occur at any
given spot.
·

.

.

More recently, researchers have emphasized refining means of observation and
measurement for identifying prospective butchering marks. For example, studies by
Walker and Long (1977) and Shipman (1981) utilized microscopy to distinguish natural
from cultural incisions on bone as well as the type of tool used to make the marks.
However, Lyman (1982:353) pointed out that criteria for distinguishing marks on bone
have not been exhaustively tested. For instance, Miller (1969) found certain types of
natural incisions to be virtually indistinguishable from cultural cut marks. Additionally,
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since it is possible to butcher an animal without leaving any marks, the absence of
butchering marks cannot be given as proof that an assemblage is the product of natural
agents.
5. Gnawin� marks. In taphonomic analysis, gnawing marks on bone are viewed

as the natural equivalent to cultural cut marks: they are the residual products of food
processing techniques among animals. Consequently, a number of researchers have
sought to identify the various agents of bone gnawing through observation and
experimentation with modem animals. These studies have generally focused on two types
of agents:
1. Carnivores and other meat eating animals that modify bones for reasons related

to their primary subsistence (Binford 1981; Haynes 1981; Kruuk 1972;
Bonnichsen 1973; Miller 1969; Behrensmeyer and Dechent-Boaz 1980; Coryndon
1 964).
2. Rodents that gnaw bones for reasons involving secondary subsistence such as

mineral acquisition, or nonsubsistence reasons such as tooth maintenance (Brain
1 980; Heizer and Brooks 1965; Haynes 19 81).

Binford (1981:44) depicted all of these agents as "denticulated vises" in
identifying four classes of tooth marks: punctures, pits, scores, and furrows. Each of
these may be seen as a function of the strength of the bone, and the strength of the animal
agent and its jaw and tooth morphology. A number of researchers maintain that various
animal agents may be distinguished on the basis of the presence and the relative
proportion of the various classes of tooth marks, and their location on bones from faunal
assemblages (Binford 1981; Haynes 1981; Brain 1981). However, recognition of gnaw
marks, like recognition of cut marks, may be difficult, particularly where fossil
assemblages are concerned For example, Binford (1981:46- 48) gives detailed
descriptions of examples from the archeological literature which appear to confuse the
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vario us classes of gnawing marks wi th h uman workmanship. As wi th c utmarks, the
s tudy of gnaw marks on bones from fossi l assemblages may bene fi t from the use of the
scanning electron microscope (Shipman 1 981 1
: 08).
6 . Taxonomic composition and diversity. A varie ty of me th ods have been
employed to assess rela tive taxonomic ab undance from zooarcheologic al samples ; many
have been e xha us tively criti q ued (Medlock 1 978; Grayson 1 978, 1 984; Kle in an d Cr uz
Uribe 1985; Cas teel 1977, 1 978). Aside from the impor tan t q uan ti tative consi dera tions,
mos tof wha t has been done wi th da ta on ta xonomic composition and diversi ty from
archeological si tes has been direc ted towardan alysis of aborigin al die t, h unting and o ther
c ultu ralp ractices, and environmen tal reconstr uction (Ziegler 1 973; Medlock 1 975). Few
rese arche rs have a ttemp ted to use ta xonomic composi tion or dive rsi ty to assess the
taphonomy of archeofa un al assemblages ; mos tof those who have, generally employed
vag ue references to the size of taxa as an indication of the deposi tion al agen ts (see
Chap ter 1 ). Sever al considera tions s uppor t the idea tha t taxonomic composition and
diversi ty may bene fi t taphonomic an alysis in zoo archeology. Fi rs t, anim als may have
certain physical restrictions on wha t they can proc ure and cons ume. Size,mobili ty , an d
behavior pa tte rns all con trib ute to the likelihood of one animal f alling prey to ano ther .
Th u s , the ta xonom ic composi tion of a bone assemblage p roduced by a preda tory or
scavenging animal may direc tly reflec t known aspec ts of the anim al's die ta ry habi ts .
Second, vario us agen ts of bone acc um ula tion, whe ther h uman or anim al may be more or
less gene ra lized in the proc uremen tof i tems. Th us, the taxonomic diversi ty of a n
assemblage may in i tself reflec t the die tary preferences of p artic ulardepositional agen ts .
Finally, when more th an one depositional agen tis involved in the p roduction of a fa unal
assemblage the upsho tmay be a grea terdegree of ta xonomic diversi ty . In o ther words,
the grea te r the diversi ty of ta xa in an assemblage, the grea ter the po ten tial complexi ty of
the taphonomic overprin t.
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Discussion
The principal aim of any taphonomic analysis, whether in the service of
paleontology or archeology, is to understand the post-mortem processes that have
affected a particular faunal assemblage. As previously stated, taphonomists seek to make
inferences about past dynamics from static material remains. Such post hoc attributions of
causality, termed "retrodiction" by Shipman ( 198 1 : 12) require, by necessity, a
fundamental analytical leap of faith (Yellen 1977:272). The methodology of the
taphonomist is actualistic study or neotaphonomy (after Hill 1978). This involves
observation and experimentation with contemporary phenomena and elaboration of
empirical generalizations correlating specific patterns with particular causes. The primary
leap of faith occurs when the products of neotaphonomic analysis (correlations between
patterns and dynamic processes) are applied by logic of analogy to a particular fossil
assemblage. One assumption that facilitates this enormous leap is uniformitarianism. The
indefatigable reliance on the notion that the laws which govern all physical properties of
the world have remained constant through time is the foundation for all inferential
reasoning, not only in taphonomy, but all historical sciences as well. Uniformitarianism,
however, is only one component in the art of retrodiction. Another involves overcoming
what Sullivan ( 1978) terms "equifinality." This involves the principle that identical
phenomena can result from two or more unrelated factors. Ascribing causal explanations
to phenomena involves demonstration that circumstances accounting for the phenomena
are both necessary and sufficient (Salmon 1984). However, equifinality conspires to
make such demonstrations impossible. Some researchers seek to overcome equifinality
through exhaustive testing of all potentially sensitive criteria (Gifford 198 1). However,
for any given real-life situation potentially sensitive criteria are infinite in variety. Thus,
there is little possibility for laying down proscribed sets of rules for what constitutes
exhaustive testing.

18

The fact is that equifmality cannot be overcome; it can only be compromised. This
involves making assumptions or leaps of faith. In taphonomic analysis, the uniformitarian
assumptions are made implicitly; however, the assumptions concerning equifmality must
be carefully elaborated. While actualistic studies cannotbe exhaustive in testing all
potentially relevant criteria that maybe involved in a given faunal assemblage, they can be
logically oriented to accommodate specific research questions and the state of preservation
of the fossil record.

In the following chapters a discussion of actualistic or neotaphonomic studies is
presented on three classes of natural factors: woodrats, raptorial birds, and mammalian
predators and scavengers. The selection of these particular themes was based on their
plausibility as taphonomic factors in Big South Fork area rockshelters. These factors
were logically isolated by the process of assignment of prior probabilities (Salmon 1984).
This involves an appeal to background information followed by a qualitative judgement
about which factors mightbe responsible for the phenomena in question. In this instance,
the background information was provided by formal research on the behavior and
lifeways of the fauna of the Big South Fork River area (Funkhouser 1925 ; Komarek and
Komerak 1938; Corps of Engineers (C.O.E.) 197 6 ; Hamilton and Whitacker 197 9;
Barbour and Davis 197 4; Golley 196 6 ; Hall 1981; Webster et al. 1 985 ), as well as first
hand examination of more than 1000 rockshelters in the study area The phenomena in
question concerns the origin and condition of bone assemblages in rockshelters of the Big
South Fork River area.Thus, the discussions of neotaphonomic studies focus on:
1. The likelihood that a given animal was important as a taphonomic factor in
rockshelters.
2. Specific patterns or signatures which may identify a given animal with the
production and modification of faunal assemblages in rockshelter contexts.
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3. The potential impact of speci fic animals on the produc tion and modi ficatio n of
bone assemblages in rockshelter sites.
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CH A PTER 3
W O OD R A T S A S T A PH O N O M I C F A CTO R S IN R O C KS HEL TE R S
B iow,phi c Sketch
The name woodrat applies to approximately 20s pecies of the genus Neotoma in
North Americ a All are rat -like cricetids, with soft pelage, large protuberant eyes, long
fu rry tail, and sparsely haired ea rs. Indi viduals range fron 25 to 45 em long and weigh 95
to 585 gm (Wells 1976). They are an extremely adaptable rodent,found in a di versity of
life zones ranging from lower Sonoran to Arctic Alpine ( Cameron and Rainey 1972) .
Presently, only one s pecies, the easte rn w oodrat (N. floridana) occurs in easte rn North
·

America. This species is widely dis tributed eastward from the Mississippi Ri ver to the
.
Carolinas and Virginia, and northward fro msouthe rn Florida through the Ohi o Va ll
ey ,
Pennsyl vania, and southe rn New York . The eastern w oodr at's extensi ve range attests to
its su ccess in various habitats . Howe ver, rocky en vironments are es pecia ll
y fa vored and
genera ll
y support the highest population densities (Fitch and Rainey 1956:503; R ainey
1956). W oodrats subsist primarily on lea ves, seeds, berries, and flowers ; they habitua l y
cache f ood, but requir e fresh vegetation periodically as a sou rce of water (Camero nand
Rainey 1972). Woodrats are n oc turnal animals that tend to mo ve via central place
forag ing ( Orians and Pearson 1979). This in vol ves repeated br ief forays from a cen tral
nesting site, retu rning each time to eat, cache f oodor rest . Mo vements are patterned and
perha ps predic table ; woodrats arete rritorial and patrol and scent mark their range edges .
The maximum distance of forays is at least 100m (Van De vender and Spaulding 1979);
howe ver, homing studies indicate that range may extend u p to 400 m (Wiley 1980).
Wo odra t s are norma ll
y solitary animals,hostile or aggressi ve toward others of their
species (Wiley 1980) . Howe ver, agnost ic beha vior has been noted in high population
situations :
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...in more optimal areas where caves and crevices are abundant, high population
densities accompanied by increased social interaction and systems of organization
involving both territoriality and dominance patterns could develop. The existance
of such gregarious populations is suggested by the fact that groups of three or
four adult rats of various sex combinations have been trapped in caves located
near Franklin, West Virginia (Kinsey 197 7 :418).

A distinctive aspect of woodrat behavior involves the fashioning of formal
habitation structures. Western species residing in open environments use natural materials
such as sticks, leaves, rocks, bones, and dung to produce elaborate arrangements called
"houses" (Poole 1940). These are broad-based, conical structures up to 1.2 m in diameter
and 1 m high. Houses typically contain two or more loose, globular nests made of soft
botanical material approximately the size and shape of a bluejay nest. Woodrat houses are
often associated with a complex network of pathways or tunnels. Houses are occupied
year-round and are used not only for shelter, but food storage and birthing (Poole 1940).
In the eastern woodlands of the United States where natural cover is often

abundant, woodrat houses are generally less formally structured. In areas where rock
outcroppings provide natural shelters, woodrat houses typically consist of loose
aggregations of natural materials applied to conform to the internal morphology of the
natural enclosure. Poole (1940:25 5 ) observed that:
Nests may be located in the inaccessible deep crevices of large rocks, in similar
crevices or on ledges in caves, or in comers that are wide enough to permit
escape... Passages to nests are frequently barricaded with a miscellaneous
assortment of sticks, stones, leaves, and other objects doubtless designed to
baffle the larger enemies.
In most cases there develops in the woodrat den areas a complexity of natural

associations that involve not only the woodrats themselves, but a variety of small
predators, and secondary nesting mammals (e.g. mice, rabbits, opossums, and rats),
insects, and amphibians (Wood 1944; Wiley 1980). Woodrat dens may be viewed as
dynamic microenvironments having a distinctive ecological character.

A peculiar behavioral characteristic among many species of woodrats is the
compulsion to acquire miscellaneous objects to bring back to their dens. Items collected
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during nightly forays may include an assortment of cultural debris (e.g., paper, metal or
]plastic), as well as natural items such as lithic, floral and faunal materials. The nickname
pac.krat or trade rat applies to members of the genus Neotoma as a particular reference to
this compulsive acquisitiveness.
The predilection among woodrats to accumulate relatively large quantities of bone
material in den areas is well documented throughout the United States (Leopold and Hall
1945; Miller 1969; Mead 1981; Mead et al. 1984; Cole and Mead 1981; Van Devender
1985; Mead and Phillips 1981; Handley 1956; Heizer and Brooks 1965). In the East,

bone collections by woodrats have often been associated with natural enclosures that also
contain prehistoric archeological materials. Poole (1940 :257) noted:
Of the many bones both ancient and recent that have been found in caves and
rockshelters used by the Indians, throughout this part of Pennsylvania, the great
majority have been more or less gnawed by woodrats. This gnawing of bone
probably serves a double purpose, by sharpening the teeth and providing a source
of animal food. All of the animals that I have kept in captivity were fond of
chewing on bones.
An obvious similarity exists between the collecting habits of woodrats and another larger
rodent, the African porcupine (Hystrix africaeaustralis). Brain (1981:109) observed this
animal in South African caves, and likewise, correlated bone collecting with gnawing
behavior:
Like other rodents, the African porcupine has open rooted incisors that grow
throughout its life; they require regular attrition to keep them at a usable length. So
it seems that porcupines have developed a behavior pattern that requires them to
collect dry bones and other hard objects and hoard them in their lairs... When
resting during the day, the porcupines select some of their favorite objects and
gnaw on them. The collecting behavior appears to have become a compulsion-
they will bring back far more objects than they can possibly use and do not get
around to gnawing anywhere near all of the treasures they collect.
The question of the adaptive significance of bone collection among certain cricetids is
intriguing; the practice of gathering more of an item than is necessary or useful seems, at
least superlicially, a waste of energy and therefore maladaptive. Nevertheless, this trait
appears to be as prevalent among woodrats as among African porcupines.
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Analyses ofBone Collection Patterns Amon�Nestjn�Woodrats
The potential effects of woodrats among faunal assemblages is obviously
profound. Nevertheless, few formal analyses have been conducted to delineate the precise
nature of these potential effects. For the most part, researchers have utilized the presence
of biotic materials from woodrat dens

as a tool for environmental reconstruction (Wells

1976). One noteworthy exception, however, was Heizer andBrooks (1965) who
proposed that the Lewisville site in Texas, a series of hearth-like features associated with
prehistoric artifacts and burned bone, might merely be the vestiges of an ancient woodrat
den. To better understand patterns associated with bone collection by woodrats, the
authors collected materials from several woodrat dens in Nevada. Heizer and Brooks

(1965) eventually concluded that denning woodrats may move large numbers of bone
elements up to 70 gm

in weight, and that all patterns from the Nevada dens were

consistent with the Lewisville materials.

A Controlled ExperimentAmon� Dennin�Woo<irats
One critical aspect of studies by Heizer andBrooks (1965) as well asBrain

(1981) concerns the lack of control in monitoring the bone sample from which the various
rodents created their assemblages. Simply stated, it is methodologically unsound to
attempt to draw inferences about patterns inherent in a given sample without some
understanding of the character of the population from which that sample was drawn.

I was first presented

with the opportunity to examine collection behavior by

woodrats among a controlled sample of bones during the 1982 field season of the
BSFAP. During the reconnaissance survey, a number of rockshelters were discovered
containing clear evidence of woodrat occupation. One particular site, Rugby Rockshelter

(40FN92) was conspicuous since it also contained a substantial faunal assemblage (the
subject of analyses, Chapter 7).
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Rugby Rockshelter is a large north-facing site approximately 50 m above the
Clear Fork River in Fentress County, Tennessee. The interior of this site is dominated by
abundant, massive rockfall and has few open or level floor areas. When first surveyed,
the site was nearly passed over as noncultural. Neither flakes, charcoal, nor other cultural
material were evident on the surface or in several shovel tests dug near the drip line.
Somewhat fortuitously, a single bone was found near the rear wall of the rockshelter. The
bone was recognized as being from a white-tailed deer and appeared to be of some
antiquity. Further investigations revealed a small crawlway between several large fallen
boulders near the rear wall of the rockshel.ter. The crawlway opened into two small, dark
chambers whose floors were littered with animal bones, clusters of dry sticks and leaves,
and accumulations of small rodent feces.
Since Rugby Rockshelter was an active denning site that also contained a faunal
assemblage of questionable origin, it was seen

as an excellent opportunity for studying

the effects of woodrats among a controlled sample of bone. Thus, the following
experiment was implemented with the specific goal of examining patterns of selection,
dislocation, and gnawing of animal bones by denning woodrats.
Skeletons of six animal taxa including a white-tailed deer, domestic dog, raccoon,
opossum, catfish, and box turtle were placed in a concealed portion of the site near a large
woodrat den area (see Figure 7.10, pp. 151). This sample excluded any fresh or greasy
bone that might invoke disturbances from intrusive carnivores. Each element was labeled
to facilitate identification and recovery. Additionally, all elements from three taxa, the
deer, dog, and raccoon were individually weighed and recorded. Some of the smallest
elements such as phalanges, carpals, and tarsals were not included in this study since it
would have been impossible to track them amid the crevices and debris of the study area.
The skeletal elements were laid in rows, not heaped in piles. This assured that each
element would be equally accessible to local woodrats and that the disturbances could be
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systematically monitered. The bones were visited 13 times during a six month period.
Initially, observations were weekly, but as the monitoring proceeded they were less
frequent, generally bi-weekly. During these visits bone movements were carefully noted.
The dens were not disturbed during the monitoring period, although, bones were noted
when visible on the surface. Approximately six months after the initial visit, all of the
remaining experiment bones were retrieved and the den areas were probed in order to
recover the sample taken by the woodrats.
Sumroazy Of EXPeriment Monitorine And Bone Recovezy
By the time the dens were examined six months after the introduction of the
experiment bones, a total of 137 elements had been moved at least 1 m. This represents
approximately 46% of the total number of elements used in the study (Table 3.1).
Throughout the monitoring period the experiment locus was carefully examined for tracks
or other signs of intrusion by carnivores or humans. The only disturbances appeared to
be from woodrats since much of the experiment bone was clearly being moved into den
areas adjacent to the experiment locus. The number of woodrats residing in Rugby
Rockshelter was undetermined. However, a single, large individual of unknown gender
was repeatedly seen within the den area during the monitoring visits. As mentioned,
studies have demonstrated that individual woodrats may act either aggressively territorial,
or may display agnostic behavior, depending on their population density (Wiley 1980;
Kinsey 1977). In the case of Rugby Rockshelter, I suspect that several woodrats may
have contributed to the movement of the experiment bones, but the majority of the
disturbances were by a single, industrious individual.
During the monitoring period an attempt was made to locate bones in the den area
without probing below the surface. While the abundant leaf litter and inaccessibility of
some of the crevices of the chambers precluded observing all of the experiment bone that
was moved, a total of 29 elements were sighted in the den area and the surrounding
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TABLE 3.1.

Taxa

NUMBER OF ELEMENTS MOVED AND RECOVERED, WOODRAT
BONE EXPERIMENT, RUGBY ROCKSHELTER.

Number
of Elements
Moved
(% of Total)

Total
Number of
Elements

Number
of Elements
Recovered
(% of Total)

Dog

60

45 (75)

27 (60)

Turtle

42

18 (43)

8 (44)

Catfish

32

13 (41)

6 (46)

Opossum

20

13 (65)

3 (23)

97

22 (23)

12 (55)

Deer

47

26 (55)

20 (77)

Total

298

137 (46)

76 (55)

· Raccoon
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crevices. These observations are of interest since they demonstrate to some extent the
way in which the woodrats were using the chambers at Rugby Rockshelter.
Approximately 1 m north and .5 m above the area where the experiment bone was
introduced was a small depression lined with dried botanical material. This appeared to
represent a kind of antichamber since it was on the edge of a crevice leading directly to a
large den area. A similar situation was seen several meters east and above this locus. By
the end of the monitoring period experiment bone had been found in five discrete loci:
three crevices and two antichambers. These observations are consistent with wildlife
studies which suggest that Neotoma activities are normally concentrated in several
specific loci, and that movements between these loci are by way of formal, concealed
passages (Orians and Pearson 1979; Vaugn and Schwartz 1980; Thompson 1982). In
Rugby Rockshelter the activity loci appeared to be the chambers and antichambers amid
the rockfall; passages are represented by the tunnels and crevices between those chambers
(Figure 3 .1).
The recovery of the experiment bone after the monitoring period necessitated
substantial disturbances of the den areas. Note from Table 3.1 that only 76 elements or
55% of those taken were recovered. Several factors may account for the lack of full
recovery of the experiment bone. For example, many of the experiment bones may have
been lost in the debris or cracks in and around the den areas. Furthermore, not all areas of
the rockshelter were searched as intensively as the den areas in the immediate vicinity of
the experiment locus. Experiment bones may have been transported to undiscovered den
areas in other portions of this large rockshelter. For example, a dog pelvis from the
experiment was discovered during the seventh monitoring in a crevice nearly 5 m from
the experiment locus. This bone was moved again prior to the ninth visit and was not
seen again until after the monitoring period when, surprisingly, it reappeared back inside
the den area next to the experiment locus.
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Patterns of Bone

Movement and Modification

As previously mentioned, this study was initiated to examine patterns in the
selection, rate of dislocation, and gnawing of bones by denning woodrats. The following
discussions focus on the potential effects of these processes on patterning in fossil bone
assemblages. First, selection patterns are examined to discern whether woodrats
displayed preferences for bones of particular taxa, bones representing particular element
types, or bones of a particular weight. Second, distance and rapidity of bone dislocation
are examined on the basis of observations made during the monitoring period. Finally,
evidence of gnawing is summarized to ascertain the potential effects of woodrats on bone
destruction.

Selection Patterns
Taxonomic Selection. By the end of the monitoring period elements from all six
taxa used in the experiment were moved at least 1 m. Note from Table 3.2, however, that
movements by taxa appears to have varied at least with respect to the order in which
bones were taken. For instance, at least 10 dog bones were moved before any of the other
taxa were disturbed; no fewer than 43 elements representing five taxa were moved before
a single deer element was taken. There is little reason to suspect that this pattern relates
merely to the order of discovery since each element was equally accessible to any
woodrats occupying the den areas. The question of whether there was a taxonomic
preference is unresolved since the critical factors may actually relate to aspects of weight
density, dryness, or even the color of bone. Note, in fact, from Tables 3 . 1 and 3.2 that
the relative proportion of each skeleton that was eventually moved by the end of the
monitoring period appears unrelated to the order in which skeletons were selected.
Apparently, the acquisitive rodents focussed their activities on one skeleton at a time and
worked in flurries within each discrete cluster of skeletal elements.
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TABLE 3.2. RECORD OF ELEMENT MOVEMENT PER VISIT, WOODRAT BONE
EXPERIMENT, RUGBY ROCKSHELTER.

Visit#

Do g

Turtle

Catfish

O possum

Raccoon

Deer

I

0

0

0

0

0

0

II

6

0

0

0

0

0

III

0

0

0

0

0

0

IV

4

5

1

0

0

0

v

1

4

0

3

0

0

VI

1

1

6

1

9

0

VII

8

1

0

1

4

8

VIII

2

1

1

3

0

6

IX

0

0

1

0

3

3

X

2

0

0

1

2

1

XI

1

0

0

0

0

4

15

0

4

4

4

3

5

5

0

0

0

1

XII
XIII
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Element Selection. For the purposes of this study bone elements were grouped
into one of three catagories: flat bones (e.g. ribs, scapula), long bone (major limbs), and
irregular bone (vertebrae and other bones with variable forms). These catagories are
based on general shape, internal construction, texture, and biological function. [For a
further discussion of this typology the reader is refered to Chaplin ( 1 97 1 ) and Bass

· (1 971 )]. Table 3.3 shows the relative proportion of element types taken for the three taxa
in which all elements were individually catalogued and weighed. These data indicate that
while no particular element type was completely shunned by the woodrats, there were
preferences at least within taxa. Among the deer, for instance, flat bones were clearly
.
favored over long bones and irregular bones. In the case of the raccoon, however, there
was an apparent selection for long bones. Among the dog elements, of which 75% were
taken, there was perhaps only a slight favoring of long bones.
The fact that there were no apparent preferences for a particular element type
between all taxa suggests that general morphology or bone structure and function is
unrelated to selection by woodrats. Moreover, since flat bones tend to be less dense and
therefore lighter in weight than long bones, the woodrat's apparent selection for flat
bones of the largest taxa and long bones of the smaller taxa may relate to weight rather
than element type per se.

Wej�ht Selection. By the end of the monitoring period, the heaviest bone moved
was the deer pelvis, weighing 101 gms. While this is not the heaviest bone used in the
experiment (some of the deer long bones weighed up to 148 gms), it is nevertheless clear
that woodrats are powerful for their size and are capable of significant skeletal
displacements. The lightest bone moved was a turtle long bone weighing .3 gms.This was
not representative of the lightest bone in the sample since a number of catfish and turtle
elements weighed less than . 1 gm.
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TABLE 3.3. NUMBER OF ELEMENTS MOVED BY ELEMENT TYPE FOR THREE TAXA,
WOODRAT BONE EXPERIMENT, RUGBY ROCKSHELTER.

Taxa

Element
Type

Total
Number of
Elements

Deer

Long

9

2 (22)

Flat

16

14 (87)

Irregular

22

10 (43)

Dog

Raccoon

Long

9

Number of
Elements Moved
(% of Type)

9 ( 100)

Flat

25

1 8 (72)

Irregular

25

1 8 (72)

7

7 ( 1 00)

Flat

46

8 (17)

Irregular

44

7 ( 1 6)

Long
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In order to display the range of bone weights selected by the woodrats,
histograms were drawn for the three skeletons (deer, dog, and raccoon) whose elements
were individually recorded and weighed. In Figures 3.3 through 3.5 the histograms of
the elements that were taken by the woodrats are shown as a subset of the total sample
used in the experiment. Inspection of these figures suggests that there was a weight-based
preference. Note that for the largest animal, the deer, there appears to have been a
preference for the smallest end of the range of weights. Conversely, for the smallest
skeleton weighed, the raccoon (a subadult), the selection of elements appears to have
favored the larger end of the range of weights. Finally, for the intermediate sized animal,
the dog, the selection of elements was more evenly distributed with perhaps a slight
·

preference for the heavier elements.
To test the hypothesis that the weight of the bone taken did not vary significantly
from the weight of the bone not taken, Wilcoxon's nonparametric two-sample test was
applied to all three samples (Blalock, 1979). This conservative test of medians was used
instead of the more conventional t test because the samples were non-normally
distributed. In the case of all three animals, test scores were high enough to reject the null
hypothesis at the .05 confidence level (deer z score=4.55; rac.coon z score=4.73; dog z
score=2.89). Note that for the dog, the z score is much lower than those for the deer and
raccoon. This supports the obsexvation made from the histograms that dog elements were
more evenly selected.
In summary, the histograms (Figures 3.3- 3.5) indicate that while woodrats may
take any element between .3 and 101 gms, they generally focus on a narrower range of
weights. In this study, among the deer, dog, and raccoon skeletons approximately 89%
of the elements taken weighed between one and 30 gms. This indicates a weight-based
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preference that will, given whole elements, favor the displacement of taxa approximately
the stature of a medium-sized dog.

Rapidity and Distance of Bone Dislocation
One of the more conspicuous trends in this study concerned the rapidity and
distance of bone displacement. By the end of the first month of observations 25 bones
had been taken; within two months, an additional 63 bones were moved; and, as
mentioned earlier, by the conclusion of the study 1 37 elements had been taken. The
horizontal distance of bone displacement was, for the most part, between 1 and 2 m,
which is the approximate distance between the experiment locus and various entrances to
the adjacent den areas. However, the farthest recorded bone displacement was
approximately 5 m, the distance between the experiment locus and the rear wall of the
rockshelter where, as noted earlier, the dog pelvis was found. Much of the bone was also
displaced vertically about 1 to 2 m, including both upward and downward movements.
This aspect of the study has demonstrated that from an archeological perspective
woodrats are capable of moving a substantial number of bones in a relatively short period
of time, while displacing them relatively significant distances both vertically and
horizontally.
Gnawjn� Patterns
At least two physiological functions are attributable to bone gnawing among
certain rodents. Bones may be used to satisfy mineral intake requirements or may be
gnawed to maintain their continuously growing, open-rooted incisors (Poole 1 940;
Banfield 1974: 234). Consequently, bone gnawing might be expected, in part, to
influence woodrat collection patterns as well as affect the condition and preservation of
bones in an archeological context. This was noted for the archeological assemblage of
Rugby Rockshelter where many elements displayed at least some evidence of gnawing
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and several were

so

completely altered that they were no longer identifiable to species or

anatomical part. Thus, I was surprised to find that, when experiment bones were
recovered after the monitoring period, not a single element appeared to have been
gnawed. Accounting for this apparent inconsistency is largely a matter of speculation.
One possibility is that w oodrat gnawing patterns may relate to a more long-term behavior
pattern and are therefore indiscernible through a relatively short-term study such as this.
Another explanation is that since the observed den area was already laden with bone at the
start of the experiment the woodrats may have had no real need for additional gnawing
material. In any case, it is interesting that bone collection by w oodrats may not only
involve blatant physiological functions but may also encompass certain vague avenues of
behavior that can only be referred to at this point as compulsive acquisitiveness.

Discussion
The foregoing study clearly demonstrates that woodrats may be a potentially
incisive agent at any stage in the post-mortem history of a fossil assemblage. To
summerize, during a period of six months, one or more woodrats were responsible for
moving 137 bone elements from one location and dispersing them up to 5 m distance,
with movements occurring both vertically and horizontally. Elements were apparently
selected to some extent on the basis of weight. Elements less than .3 gms and greater than

1 0 1 gms were completely advoided. This resulted in defacto selection for particular
elements from particular taxa. Bone morphology and texture were evidently not factors in
selection; bones were apparently not selected to serve any immediate or obvious functions
such as gnawing.
The implications of these results are especially significant for researchers
attempting to assess relative taxonomic abundance from faunal assemblages which may
have been impacted by woodrat activities. Woodrats may collect bones from natural or
cultural assemblages and relocate them to produce a second-order natural assemblage.
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This was essentially the case in the above experiment. Since bone weight may correlate
with taxon, this can lead to spurious calculations of the relative abundance of species
within a site. However, even without altering the composition of an assemblage,
woodrats may change the spatial relationship between certain elements (thus certain
species) both vertically and horizontally. In enclosed sites, such as caves or rockshelters,
bones may be focused into discrete locations depending on the morphology of the den
area. Grayson (1978; 1984) pointed out that the zooarcheologist's principal counting
device, the MNI (Minimal Number of Individuals), is highly dependent upon the manner
in which analysts spatially partition their samples. Since woodrats may alter the spatial
relationships between various elements and taxa, they may distort calculations of relative
taxonomic abundance even without changing the composition of the overall assemblage.
The calculation of MNI for the purpose of assessing the relative abundance of taxa is one
of the most commonly used zooarcheological techniques. This is understandable since so
many kinds of basic analysis are predicated on understanding the nature of species
composition in a given site. (For instance, environmental reconstruction, seasonality,
dietary reconstruction, and catchment analysis, to name a few). Consequently,
zooarcheologists working in cave or rockshelter sites must give careful consideration to
the potential taphonomic effects of woodrats prior to initiating any quantitative analyses.
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CHAPTER 4
RAPTORIAL BIRDS AS TAPHONOMIC FACfORS IN ROCKSHELTERS
Bone accumulations by raptors in caves and rockshelters is well documented
throughout the Eastern United States (Guilday 1962; 1969; Guilday et al. 1977; Hall and
Blewett 1964). While a number of raptors such as hawks and vultures are known to
utilize rockshelters as nesting and roosting sites (Heintzelman 1979), the vast majority of
raptor produced assemblages are attributed to owls. Several factors account for this
association. As keen-sighted, nocturnal predators, owls favor the subdued light of the
twilight zones of ledges or cavities amid rock outcroppings (Sparks and Soper 1970: 59).
Brain (198 1 : 1 83) observed that ledges beneath rock overhangs were favored by owls as
roosts whenever a direct access was available. Second, while many raptors are known to
cast pellets (Rea 1973; Craighead and Craighead 1969: 1 28), a greater degree of bone
preservation is characteristic of those cast by owls (Cummings et. al. 1 976; Clark 1972;
Duke et. al. 1975; Mayhew 1977). Finally, owls are territorial raptors known to use the
same sites year after year (Sparks and S�per 1970:57). The tendency for long-term
occupation of sites along with a high degree of bone preservation in pellets allows for
substantial fossil accumulations in certain contexts.
In the following section, discussions and analyses focus primarily on owls since
they have the greater potential as taphonomic factors in rockshelter sites. However, also
included in this chapter are the results of an experiment performed with several families of
captive raptors to assess the nature of bone preservation from raptor pellets. The ultimate
goal in this analysis is to evaluate the potential contribution of specific raptors to
patterning in fossil assemblages.
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Owls: A Biowphic Sketch
Owls (Order Strigifonnes) are large-headed, short-necked raptors that have been
figuratively described as winged cats (Sparks and Soper 1970: 1 0). With loose, soft
plumage and large, low-centered wings, owls are practically silent in flight; acute
stereoscopic vision and well developed auditory senses allow owls to be particularly
efficient as nocturnal predators of rodents and small mammals. Owls inhabit a wide
variety of environments in the eastern United States. Their ranges are restricted only by
availability of prey and suitable locations for their daytime roosts. C.O.E. (1976)
identified seven species of owls as inhabitants of the Big South Fork area. The great
homed, barred, screech, long-eared, and saw-whet owls are typically associated with
forested environments; the bam and short-eared owls favor more open areas. Any of
these species, however, may utilize rockshelters as diurnal roosts or hunting sites.
Latham (1950) compiled data on several species of owls from a number of states
in the northeastern United States. This study showed that selection of prey depends
primarily on the size of the owl. For example, large birds such as the great homed owl
were found to subsist primarily on rabbits, and secondarily on smaller animals such as
rats, mice, birds, and insects. Medium sized birds such as barred, long-eared, short
eared, and bam owls favored rats, mice, shrews, and birds, while occasionally taking
larger animals. The smallest owls, screech, saw-whet, and boreal owls rarely prey on
animals larger than small passerines, but rely mostly on mice and insects. Obviously,
variations in prey selection among owl species may result from differences in local
availability of food. This is especially true in the case of bam owls, which apparently feed
on whatever is readily available, providing it falls into a 20-40 gm live weight range
(Dean 1973; Davis 1959; Banks 1965). A study by Brain ( 198 1 : 1 28) from two different
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barn owl roosts demonstrated that associated assemblages may reflect extremely localized
variations in microhabitats.

RaptorPellets
The formation and casting of pellets is a normal function related to the structure of
the digestive systems of certain raptors. Among some species, the pyloric opening, the
tract connecting the stomach to the intestines, is very narrow and is situated above the
bottom of the stomach--in some instances, at the level of the esophagus. This inhibits full
digestion of all but the most fmely divided materials (Reed and Reed 1 928). Pellet
formation and regurgitation is the means by which indigestible materials are expelled from
. the system: These substances are comprised mainly of durable or coarse items such as
· bones, teeth, hair, feathers, insect exoskeletons, seed husks, and coarse botanical
material. The mechanism ordinarily produces a sausage shaped pellet: a compact
encasement of hard items within softer materials such as hair, feathers, and plant fibers
(Glue 1973: 193; Morris 1969). The size of pellets and frequency of production varies
with the size of the bird and the amount of food consumed. Among owls, approximately
two pellets per day are produced, normally at the day roost while the bird is at rest .
(Sparks and Soper 1 970:73).
Many species of birds, including members of all raptor families, are known to
cast pellets (Rea 1973; Craighead and Craighead 1969; Glue 1 973). However, the
presence of bones in pellets is most frequently associated with owls. This is primarily a
.

.

reflection of differential preservation and may be attributable to two factors. First, diurnal
raptors such as hawks and vultures have strong neck muscles and large beaks that
produce a substantial amount of bone destruction at the time prey is consumed. Owls, on
the other hand, tend to consume their prey whole and thus leave the bones intact and
indigestible (Glue 1973: 1 93). Second, while proteolytic digestive activity may be
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relatively high in owls, these birds have considerably less free gastric acidity than other
raptors. This results in less deterioration of bone once it is consumed (Duke et al. 1975).

AnalysesofBone Preservation In RaptorPellets
A number of researchers have sought to examine the effects of digestion on the
osteological composition of raptor pellets. Studies involving both field collections and
laboratory experiments have, for the most part, been conducted by researchers with
interests in zoology, ecology, and wildlife management (Chitty 1938; Clark 1972; Duke
et al. 1 975; Cummings et al. 1976). Perhaps the most comprehensive study of raptor
pellets for the specific purpose of taphonomic analysis was by Dodson and Wexlar
( 1979). In this work, several species of captive owls were fed a common diet of house
mice (Mus musculus). The examination of bones from the subsequent pellet
regurgitations was specifically aimed at delineating a taphonomic signature: a baseline for
the recognition of specific owls as agents in the accumulation of small animal bones in
fossil assemblages. Focussing primarily on element representation and breakage patterns,
Dodson and Wexlar (1979: 283) ultimately concluded that the various owls could be
"clearly distinguished in terms of the destructive effects on the bones of their prey."
While Dodson and Wexlar (1979) provide an excellent baseline for characterizing
the effects of owl predation on small animal bones, several aspects of their methodology
resulted in observations that are difficult to interpret and incorporate in quantitative
taphonomic analyses. For example, their study was apparently controlled by the number
of pellets collected rather than the number of mice that were fed to the owls. Thus, the
assessment of the number of individuals represented was not based on the actual number
of mice that were fed to the owls, but rather calculated as the sum of the most numerous
skeletal element collected after the bone sample was refined from the pellets.
Furthermore, Dodson and Wexlar's (1979) approach to assessing the relative proportion
of skeletal elements and classes of fragmentation was based on simple comparisons of
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percentages rather than formal tests of significance. The validity of their conclusions may
be in doubt since the sample sizes of mice were apparently quite different between the
various species of owls studied.
Another critical aspect of Dodson and Wexlar's (1979) analysis concerns the
manner in which fragmentation was characterized. The principal means for noting the
degree of preservation of elements was a simple bivariate system: specimens were noted
as either broken or whole. This system may prove to be of little use for the analysis of
ancient bone assemblages in which the mere occurrence of breakage is less diagnostic of
the agents of accumulation than the vagaries of fossil diagenesis. While Dodson and
Wexlar (1979) made some effort to give a more precise assessment of patterns of
fragmentation, their terminology was somewhat unconventional and inelegant for the
purpose of quantitative analysis.

A ControlledExperimentAmon� Seven Species ofCaptive Raptors
The aforementioned methodological problems encountered in the Dodson and
Wexlar ( 1979) study may have been circumvented through tighter controls exercised
during the raptor feedings, the employment of a more concise and objective system for
classifying bone breakage patterns, and the use of appropriate quantitative techniques for
characterizing the various taphonomic signatures. Thus, the following experiment was
initiated to further explore the effects of digestion on the osteological composition of
pellets from various raptor species.
Methods

Seven species of captive raptors including a great homed owl (Bubo virginianus),
a barn owl (Tyto alba), two barred owls (Strix varia), a screech owl (Otus asio), a red
tailed hawk (Buteo jamaicensis), a rough-legged hawk (Buteo lagopus), and two sparrow
hawks (also called American kestrel, Falco sparverius) were fed an exclusive diet of
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house mice-- 50 per species. All birds were healthy adults; all were the property of the
Knoxville Zoo, except for the barred owls and rough-legged hawk which were healthy
but crippled birds in the care of Dr. Marcella Cranford, of the Alpha Wildlife Awareness
(AWARE) Corporation, Knoxville, Tennessee. Pellets were collected daily and bones
were extracted using a method adapted from Dodson and Wexlar ( 1 979). Each pellet was
submerged for several minutes in a small vial of warm water. The vials were gently
agitated to loosen the outer structure of the pellet and approximately 10 cc of a commercial
depilatory was added to the water. This was allowed to soak for approximately one hour.
A second application of depilatory was sometimes necessary for the larger pellets but in
all cases the process allowed for nearly full disintigration of fur and easy separation of
bones.
A record of element preservation was compiled using a system which allowed for
the notation of identified specimens to the nearest 25% of the original unbroken element
or portion of the element. For example, a humerus fragment from the trochlea to the
midshaft would be recorded as a 50% proximal humerus (see Tables 4.3-4.9, pp. 54-57
for examples of fragmentation categories). This same system may be used to record fossil
specimens and will allow for a refined calculation of minimum number of individuals
following White's ( 1 953b) method. Several elements including vertebrae, ribs, carpals,
tarsals, phalanges, and metapodials were not used in this study. These elements are rarely
recovered from fossil assemblages and are not easily identifiable to taxa.
Analysesof Bones Recoyered From Raptor Pellets
Element frequencies from the above experiment, shown in Table 4. 1 , illustrate
several patterns in interspecies bone preservation that have been previously observed by
other researchers. Most notable is that substantially fewer bone specimens are identifiable
from the pellets of the diurnal raptors, the hawks, than from the owl pellets. On the
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TABLE 4. 1. IDENTIFIED BONE SPECIMENS FROM PELLETS OF SEVEN SPECIES OF RAPTORS.

Taxa
Horned owl

Element

�
........,

NISP MNI

Barn owl

NISP MNI

Screech owl

Barred owl

NISP MNI

NISP MN1

Red-tailed

NISP MNI

Rough-leg

Sparrow H.

NISP MN1

NISP MN1

Crania

85

33

86

45

8

3

88

45

4

2

3

2

4

2

Mandible

92

42

98

50

24

11

99

50

12

5

8

3

6

3

Scapula

81

39

88

39

19

9

58

31

1

1

0

0

0

0

Humerus

92

47

99

50

25

12

80

44

5

3

2

1

5

2

Radius

69

35

75

39

17

9

66

36

2

1

0

0

2

1

Ulna

81

42

92

50

10

5

79

41

2

1

0

0

3

2

Pelvis

72

44

92

47

18

9

84

36

1

1

0

0

4

2

Femur

99

48

94

47

26

13

94 46

6

3

1

1

4

3

Tibia

100 50

101 50

29 15

100 50

3

2

4

3

5

2

Total

786 50

825

748 33

36

5

18

10

33

17

50

176

15

average, fewer than one specimen was identified for each mouse that was consumed by
the hawks. In the case of the rough-legged hawk, the identified specimens were in
extremely poor condition, wispy and very fragile. This contrasts dramatically with the
bam owl pellets in which more than 1 6 specimens were identified for each mouse
consumed. Additionally, not a single whole element was recovered from the hawk
samples. Finally, examination of Table 4. 1 suggests possible variability in element
representation between the various classes of raptors. For instance, the hawk samples
show a higher representation of mandibles than do the owl samples.
As previously mentioned, Dodson and Wexlar (1979:283) observed that different
species of raptors could be distinguished on the basis of differential destruction of the
bones of their prey. While the same general observation is readily evident from the
present experiment, the implications for a fossil assemblage are perhaps not quite as clear.
Obviously, given an archeological or paleontological context, a researcher has no way of
knowing precisely how many individuals originally contributed to the formation of the
assemblage. Thus, the notion of differential destruction or preservation must be directed
toward understanding the relationship between specific skeletal attributes rather than the
general degree of preservation. The following discussions focus on two aspects of
osteological analysis: patterns in element representation, and patterns in fragmentation.
Subsequently, the results of these analyses will be applied toward the synthesis of a
raptor "signature" for small mammal remains. Finally, the taphonomic implications will
be discussed with reference to paleontological or archeological faunal assemblages.

Element R�resentation
As previously stated, element representation appears to vary considerably between
different species of raptor's pellets; however, since the number of contributing
individuals is unknown from a fossil assemblage, taphonomic analyses must be based on
the relative proportion between the elements. While Table 4.1 appears to show differential
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element representation among the various raptors, it is not clear whether patterns are
significantly different between the taxa. In order to address this question Speannan's
rank-order correlation coefficients were calculated for representation of elements between
each possible raptor pairing. Cranial specimens were not included in this analysis since
they

are

not a paired element and their relative representation varies considerably more

than the other elements with the age of the mouse. The correlation coefficient, calculated
on the basis of NISP, is a simple descriptive statistic that assigns a value between - 1 and
+ 1 summarizing the similarity in ordinal ranking of common items in two different sets.
Thus, a calculation of + 1 indicates a perfect agreement of rank-order between two sets; - 1
shows a perfect disagreement; and a score of zero indicates no relationship between sets
(Blalock 1 979:434). As Table 4.2 shows, positive correlations between all possible
raptor pairs were indicated by the rank-order coefficients. This is perhaps a result of the
differential durability between elements, such that whenever � destruction occurs (as it
does to some degree in all of the species' pellets) the same elements will have a
consistently higher degree of representation over all species. Table 4.2 also shows
probability scores that were generated for each Speannan's score to test whether the rank
order correlations were statistically significant. These show, at the .05 level of
confidence, significant positive correlations in the rank-order of element representation
for numerous pairings. Interestingly, some of these pairings involved. species with very
different overall levels of preservation such as all of the owls and the rough-legged hawk.
Apparently differential element representation, as measured by ordinal ranking, is
insufficient for clearly distinguishing between raptor species. What may be important,
however, is not merely the rank-order but the evenness of the distribution of values
among the ranked classes. In order to assess this type of diversity and control for the
variable sample sizes between raptor samples the element data (again, excluding the
crania) were subjected to a computer generated assemblage simulation and diversity
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TABLE 4.2. SPEARMANS RANK-ORDER CORRELATION COEFFICIENTS FOR RELATIVE PREsENCE OF ELEMENTS BE1WEEN SEVEN
SPECIES OF RAPTORS.

Taxa

Gr. horned

Gr. homed

(.11
0

Barn owl

Screech owl

Barred owl

.867 (.005)

.892 (.003)

.735 (.038)

.790 (.02)

. Red-tailed

Rough-leg

Sparrow hawk

.683 (.062)

.796 (.018)

.640 (.087)

�814 (.014)

.655 (.078)

.868 (.005)

.879 (.004)

.690 (.058)

.578 (. 1 33)

.76 1 (.028)

.602 (. 1 14)

.639 (.088)

.799 (.017)

.855 (.007)

847 (.008)

.750 (.032)

Barn owl

.867 (.005))

Screech owl

.892 (.003)

.790 (.02)

Barred owl

.735 (.038)

.814 (.014)

.. 690 (.058)

Red-tailed

.683 (.062)

.655 (.078)

.578(. 1 33)

.639 (.088)

Rough-legged

.796 (.018)

.868 (.005)

.761 (.028)

.799 (.017)

.847 (.008)

Sparrow hawk

.640 (.087)

.879 (.004)

.602 (. 1 14)

.855 (.007)

.750 (.032)

Significance probability is shown in parentheses.
Significant values at the .05 confidence level are shown in bold type.

.

•

.905 (.002)
.905 (.002)

analysis such as described by Kintigh (1984). In this analysis, the model of the actual
data was employed to construct, by Monte Carlo simulation, a large number of different
samples having the same distribution of the combined data. Subsequently, t he simulation
produces expectations for a given sample size that might be compared with the actual
data. Figure 4.1 shows a histogram of the sample distribution for the combined data from
all raptors. An evenness index was calculated using Pieleu 's ( 197 5) j statistic. This
statistic assigns each sample a number between zero (the greatest amount of diversity) and
one (no diversity). The index of .9954 for the overall sample indicates little diversity iri
element frequencies. When indexes are calculated for the element evenness from each
raptor sample and plotted relative to its 95% confidence intetval of expected evenness,
·

most of the samples do not diverge significantly from the expected degree of diversity
(Figure 4.2).
Thus, the foregoing analyses demonstrate little potential for a taphonomic .
signature between rapt ?r species solely on the basis of differential element representation.
Neither rank-order nor relative evenness between ranks of elements extracted from the
pellets of seven species of birds were sufficient to clearly distinguish between the taxa..

Bone Fraementation Patterns
·

Tables 4.3 - 4.9 show the distribution of identified specimens over the various

categories of fragmentation for each raptor sample. Excluding cranial specimens, 72
categories of fragmentation are possible: eight elements, each having nine fragmentation
.

.

categories. With so many categories, it is difficult to assess variability in fragmentation
between raptors merely from visual inspection of the frequency tables. Thus, a computer
generated simulated and diversity analysis was performed on the data.The technique in
this case was identical to the foregoing analysis of element representation except that two
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TABLE 4.3. BONE SPECIMENS FROM 50 MICE RECOVERED FROM BARN OWL
PELLETS .

Element
Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

Portion and %
Proximal/Anierior
Distal/Posterior

25

50

4

1
3

75
4
1
3
2
4
23
3

100
93
34
94
72
88
69
93
94

Midshaft

25

50

75

25

11

7

25
2
1

3

1

50

1

3

TABLE 4.4. BONE SPECIMENS FROM 50 MICE RECOVERED FROM BARRED OWL
PELLETS .

Portion and %
Proximal/Anterior
Distal/Posterior
Element
Mandible

Scapula

Humerus
Radius
Ulna
Pelvis
Femur
Tibia

25

50

75

100

5

21

63
1
56
48
55
6
69
76

8
11
5

7
17
12
67
14
5

54

25

50

19
1

26
5

1

75
2
12
15
1
4
5
19

Midshaft
25

50
2

TABLE 4.5. BONE SPECIMENS FROM 50 MICE RECOVERED FROM GREAT HORNED
OWL PELLETS.

Element
Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

Portion and %
Proximal/Anterior
I)istal�stetj()[

25

50

75

100

6

5
2

14

57
25
80
53
64
30
83
91

3
1

6
5
15
4
2

2
7
11
25
6
1

Midshaft

25

50

75

25

50

2
15
2

4
19
5
3
1

2
1

2

19
2

2

2
3

2

1

1
1

TABLE 4.6. BONE SPECIMENS FROM 50 MICE RECOVERED FROM SCREECH OWL
PELLETS.

Portion and %
Proxjmal/Anterior
I)istal/Posterior
Element

25

50

75

Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

5

0

9

4

2
4
1
6
4
6

9
11
5
3
12
9

1
3
1

6

100

55

Midshaft

25

50

75

25

50

1

14
3

2
3
2

1
1

2
1
1

1
1

2
4

2

8
1
2

3

5
6

1

TABLE 4.7. BONE SPECIMENS FROM 50 MICE RECOVERED FROM RED-TAll.E
. D HAWK
PELLETS.

Portion and %
Proximal/Anterior
l)istal�steti(}[
Element

25

Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

6

50

100

1

1
1
1
1

75

1
1

1
1
1

25

50

75

Midshaft

25

50

5

1

2

1

2

1

2

1

1

1

1

TABLE 4.8. BONE SPECIMENS FROM 50 MICE RECOVERED FROM ROUGH-LEGGED
HAWK PELLETS.

Portion and %
Proximal/Anterior
l)istal/Posterior
Element
Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

25

50

75

2

2

1

100

1

1
1

25

50

Midshaft

75

25

50

1

1

1

1

1

1

1

56

TABLE 4.9. BONE SPECIMENS FROM 50 MICE RECOVERED FROM SPARROW HAWK
PELLETS.

Portion aod%

Element
Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

Proximal/Anterior
25 50 75 100
3

Mjdsbaft
25 50

3
1

1

2
3

I)istal�steti<>r
25 50 75

1

1

1

2
1
1

1

1
1

1

57

1
1

1

2

categories of diversity, richness (number of categories) as well as evenness (distribution
over the categories), are now explored.
The histogram of the fragmentation distribution for the combined sample, Figure
4.3 shows a more varied distribution than was evident for element representation with an
overall evenness index of .7552. Figure 4.3 also shows that numerous categories of
fragmentation were not represented from the combined sample from all raptors; only three
of the eight elements were fully represented by all nine categories of fragmentation, and
overall, 1 4 categories were not represented. As Figure 4.4 illustrates, when the richness
of the fragmentation categories is compared for each raptor sample to a 95% confidence
interval of expected richness, all samples except for the rough-legged hawk and the great
homed owl are significantly divergent. Note from Figure 4.4 that the red-tailed hawk,
sparrow hawk, and screech owl lie above the expected richness, indicating they have a
greater number of categories of fragmentation than expected. The bam and barred owls lie
below the expected richness, indicating they have fewer categories of fragmentation than
expected. The great homed owl and rough-legged hawk samples are within the expected
degree of richness; note, however, that with the latter sample, the extremely low degree
of preservation and small sample size may be restricting meaningful interpretations.
When the evenness of fragmentation is compared for each raptor sample to a 95%
confidence interval of expected evenness, a similar picture emerges. As Figure 4.5
shows, the hawks and the screech owl exhibit a relatively high degree of evenness,
indicating a variable distribution of specimens over the fragmentation categories. The
great homed, bam and barred owls have a low degree of evenness, or a relatively low
amount of variability in the distribution of specimens over the fragmentation categories.
The fmal step in this analysis of patterns in bone fragmentation among raptor
pellets is the calculation of rank-order correlation coefficients between the various species
pairings in order to assess whether raptors having similar patterns of diversity also
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incorporate the same categories of fragmentation. In this part of the analysis Kendall's
Tau was used instead of Spearman's r since it offers a correction factor for the numerous
ties that exist by virtue of the fact that so many of the 72 fragmentation categories had
zero frequencies. Table 4. 10 shows that at the .05 level of confidence significantly high
correlations in rank-order are present within nearly all of the intraclass pairings (owls and
hawks), but not between them. While it is difficult to assess the precise nature of the
rank-order differences between the owls and the hawks, careful inspection of Tables 4.3 -

4.9 suggests that the former are distiguished by a higher representation of whole or
nearly whole specimens, while the latter are heavily represented by fragmented
mandibular elements .

. Summary and Discussion
The foregoing analysis has demonstrated that several characteristics of bone
representation are distinctive between various species of raptor's pellets. While simple
element representation is insufficient to produced a taphonomic signature, specific
patterns in the fragmentation of the pellets appears to be distinctive between the birds. To
summarize, the hawks and the screech owl have a greater overall degree of fragmentation
than the barn and barred owls. This is understandable since screech owls are small birds
that need to diVide their prey to consume them; hawks tend to fragment bones with their
strong, sharp beaks and high degree of gastric acidity and motility. Conversely, barred
and barn owls produce less fragmentation since they are larger birds that can consume
mouse:.sized prey whole, and regurgitate mostly nonfragmented elements. The largest
bird, the great horned owl, produces an intermediate degree of fragmentation possibly as
a result of more turbulent digestive processes. When evenness of the distribution over the
fragmentation categories is taken into account, the larger owls are distinguishable from
the screech owl and the hawks; the latter show a relatively even distribution over
fragmentation categories while the former are unevenly distributed owing again, to a
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TABLE 4. 10. KENDALL TAU RANK-ORDER CORRELATION COEFFICIENTS FOR FRAGMENTATION CATEGORIES BElWEEN SEVEN
SPECIES OF RAProRS.

Taxa

Gr. homed

Gr. homed

m
w

Bam owl

Screech owl

Barred owl

Red-tailed

Rough-leg

.231 (.0 1 6)

.196 (.035)

.269 (.004)

.099 (.332)

.035 (.736)

.38 1 ( . )

.604 ( . )

-.081 (.449)

-.200 (.063) -. 179 (.090)

. 1 82 (.078)

.026 (.802)

. 125 (.224)

.080 (.442)

-.103 (.332)

-.047 (.652)

.208 (.069)

.403 ( . )

Bam owl

.231 (.016)

Screech owl

.892 (.003)

.790 (.02)

Barred owl

.269 (.004)

.604 ( • )

Red-tailed

.099 (.332)

-.08 1 (.449)

. 1 82(.078)

.080 (.442)

Rough-legged

.035 (.736)

-.200 (.063)

.026 (.802)

-. 103 (.332)

.208 (.069)

Sparrow hawk

-.018 (.858)

-. 179 (.090)

. 125 (.224)

-.047 (.652)

.403 ( . )

.578 ( . )

. .578 ( • )

Significance probability is shown in parentheses.
Significant values at the .05 confidence level are shown in bold type.
( • ) = values less than .001 .

Sparrow hawk
-.018 (.858)

.304 (.008)
.304 (.008)

dominance of nonfragmented elements. When rank-order correlation for the
fragmentation categories is considered, two taxa that were similar in both richness and
evenness, the hawks and the screech owl, become separable. Thus, on the basis of
richness, evenness, and rank-order of disuibution over fragmentation categories, the
following taphonomic signatures are extrapolated:

1 . Barn and barred owls have a low degree of evenness and richness.
2. Great horned owls have an intermediate degree of richness but a low degree of
evenness.
3. Screech owls have a high degree of richness and evenness.

4. Hawks have a high degree of richness and evenness but a low degree of rank
order correlation with any of the other classes of raptors.
In order to compare these signatures with data from an archeological or

paleontological site two assumptions must be satisfied. First, it must be accepted that the
samples from the foregoing analysis are characteristic of their taxa, and not reflective of
individual variation within taxa. The only way to defmitively address this issue is to
duplicate the experiment using another set of birds, an exercise beyond the scope of this
analysis. It is, however, notable that the results of this experiment were at least outwardly
similar to those reported in other such studies (Dodson and Wexlar 1 979; Mayhew 1977).
Second, it must be assumed that elements from the fossil assemblage to be compared are
not the product of substantial fossil diagenetic fragmentation; in other words, the fossil
assemblage must be in an excellent state of preservation.
If both of these assumptions are met, the approach to taphonomic analysis is

straightforward. First, mouse-size fauna is identified and tabulated into the fragmentation
categories shown in Tables 4.3 - 4.9. Second, richness and diversity indices are
calculated and plotted for the appropriate sample size on Figure 4.2 and 4.4. Third, rank
order correlation coefficients are calculated between the fossil sample and each taxa from
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Tables 4.3 - 4.9. Finally, interpretations are derived on the basis of comparisons of fossil
data to experiment data, and other factors that may be inherent in the fossil context. These
factors are potentially great in number and may conspire to subvert the analysis. For
example, if other raptor taxa or other kinds of predators contributed to the mouse-si�e
component in the fossil assemblage, the resulting data will be incompatible with the
foregoing signatures for seven raptor taxa.

In conclusion, while the character of small mammal bone fragmentation may
assist in the identification of possible raptor agents for a fossil assemblage, it is in no way
recommended as a monothetic approach. The key to addressing the question of the post
mortem history of small animal assemblages is through identification and careful
evaluation of several lines of evidence such as taxonomic composition, and site structure
and morphology along with fragmentation patterns.
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CHAPTER 5
PREDATORY AND SCAVENGING MAMMALS AS TAPHONOMIC
FACTORS IN ROCKSHELTERS
C.O.E. (1976) identified 12 species of predatory and scavenging mammals as
present day inhabitants of the Big South Fork River area. A review of the ecological
literature indicates that eight of these species along with two extirpated species not listed
by C.O.E. (1976) may contribute to the production or modification of faunal assemblages
in rockshelters. Following are brief biographic sketches of these species focusing on
aspects of their lifeways that might relate to their potential as taphonomic factors in
rockshelter sites. Subsequently, research will be presented on specific patterns in bone
assemblages that might be diagnostic of particular animals. Finally, an assessment of the
potential for distinguishing the relative contribution of predatory and scavenging
mammals from fossil assemblages will be given.

Biowphic Sketches
GrayWolf
The gray wolf (Canis lupus), also called timber wolf, is a large, broad-headed
wild canid, characterized by a heavy muzzle, powerful forelegs, and thick gray to brown
fur. The total length of adults is approximately 1 625 mm; maximum weight is typically

33-44 kg (Hamilton and Whitacker 1979:264). The gray wolf (subspecies Jycaon) was
probably the only large, wild canid indigenous to the Southern Appalachian Plateau since
Pleistocene times; the Big South Fork area is slightly east of the historic range of coyotes,
and north of the range of the red wolf, Canis rufus (Hall and Kelson 1 959; Chapman and
Feldhammer 1982). The gray wolf is a highly adaptable animal, capable of inhabiting
nearly all types of environments except deserts and rain forests (Pimlott 1 975). The gray
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wolf was once widely distributed throughout the woodlands of the eastern United States
but has been nearly extirpated in recent times through the effects of human settlement.
Presently, the remote forested regions of northern Michigan are the last homelands of the
gray wolf east of the Mississippi River.
Gray wolves breed in late winter and give birth to 5-1 1 pups in the spring. The
potential for utilization of rockshelters by wolves relates primarily to denning associated
with birthing. Several weeks prior to giving birth, females will either dig a burrow or
utilize a previously existing natural enclosure such as a cave or a rockshelter (Mech

1970: 1 19). Bones may accumulate at den sites either as a result of males transporting
food to denning females, or females bringing food to their pups. Crisler (1956) cited an
example of a female transporting a lower leg from a caribou one mile to a den site.
Movements of food up to 1 5 miles have been reported (Mech 1970). The transport of
food to dens may occasionally involve a normal physiological function termed
predigestion (Murie 1944: 29). Several weeks after giving birth, females may of transport
food to their pups by consuming items at one location and later regurgitating them at the
den.
While wolves are known to consume a variety of small animals, the bulk of their
subsistence is based on the white-tailed deer (Mech 1970). A study by Pimlott (1967:274)
in Michigan showed a clear correlation between wolf and deer population densities. This
author found that predation on deer was focused on the extreme age groups: the very
young and the very old individuals. Interestingly, this characteristic was referred to by the
archeologist Smith (1974) to depict the ecological relationship between Middle
Mississippian cultures (who utilized mainly prime-age deer), and wolves as one of
mutualism.
A distinctive characteristic of wolves is their gregarious hunting habits. The
complexity of social organization of wolf packs may be viewed as an adaptive mechanism
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allowing for the efficient predation of animals that are larger and faster than themselves
(Pimlott 1967:276). Wolves are also anatomically well adapted to a big game hunting
lifeway; this is especially notable in the dentition. Canines and incisors are sharp and
pointed, efficient for puncturing, slashing, and dragging large prey; sectorial premolars
facilitate tearing and shearing of flesh; massive molars and powerful jaws allow for
crushing of all portions of their prey (Mech 1 970: 168).
The consumption of prey by wolves has been characterized as intensive and
voracious (Mech 1966). Food is often bolted down with little or no chewing. A single
adult can consume more than 9 kg of meat at one time. In the case of large kills such as
deer, wolves alternate between periods of resting and gorging until the entire carcass is
consumed. Rest periods are often spent idly gnawing on bones. Ocasionally, the remains
of prey are cached in the ground or snowbanks to preserve them from scavengers or
spoilage.
The digestive system of wolves breaks down meat quick and efficiently, but
generally leaves hair, hide, bones, and teeth intact (Whitney 1949). These materials can
become arranged in feces in the same manner as indigestible materials in raptor pellets:
hard, sharp items are encased in softer hair and hide (Mech 1 970: 1 72). Obviously, bones
may accumulate at sites where wolves repeatedly defecate, notably in areas adjacent to
dens (Binford 198 1 ).

Mountain Lions
The mountain lion, (Felis concolor), also called cougar, panther, and puma is a
large, unspotted cat with small, round head, and long dark-tipped tail. Adults may reach

213 em in total length and 90 kg in weight (Golley 1966: 156). Mountain lions were once
widely distributed throughout the eastern United States but are now extremely scarce.
Sightings in the Great Smoky Mountains are reported from time to time, but the present
status of the animal in the area is questionable (Culbertson 1 977). Perhaps the last

68

stronghold of the mountain lion in the eastern United States is the remote swamps of
Florida and Louisiana (Pritchard 1977). The mountain lion is a highly adaptable animal
that once thrived in a variety of habitats. The essential limiting factors in its range (aside
from humans) was adequate cover and availability of its favored food, the white-tailed
deer.
Mountain lions are known to breed every 2-3 years; mating may take place in any
season (Layne 1978). Litters of 3-6 kittens are typically born in dens, often caves or
rockshelters when available (Webster et al. 1 985:203; Lowrey 1974:464). Females are
known to transport bones and meat to their kittens up to about two months after birth
(Guggisberg 1975: 1 22). Den sites are not fixed except during the breeding season. The
·

animals are known to wander relatively long distances over a circular range that may
.
extend up to 65 Ian2 (Hibben 1 937:303; Hornocker 1969). Mount in lions are solitary

�

and secretive, rarely active by day. Diurnal rest sites generally include caves or
rockshelters when available (Guggisberg 1 975 : 1 1 1 ; McMullen 1984).
Mountain lions are nocturnal hunters that employ stealth to overcome their prey.
As mentioned, white-tailed deer comprise the bulk of their subsistence; however, smaller
animals including mice, squirrels, and rabbits

are

occasionally taken. Mountain lions are

more strictly carnivorous than other types of predators and plant materials are rarely eaten
(Hibben 1937 : 137). In their predation of deer, mountain lions are known to favor larger,
mature individuals (Hibben 1937 :369). The cats may drag their prey up to 400 m from
the kill site to a sheltered locus for consumption (Guggisberg 1 975: 1 1 8). Mountain lions
are

known to habitually cache uneaten carcasses beneath sticks and leaves to preserve

them from spoilage and conceal them from scavengers. The cats may return to a cache site
several times up to two weeks, but eventually abandon it when a new kill is made or
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when it becomes putrid (Hamilton 1939). The bones of their prey are occasionally
consumed and may be preserved in scats (Guggisberg 1975: 1 13).
Bobcats
The bobcat (Lynx rufus) is a medium size reddish-brown spotted cat with
distinctive black ear tufts and a short tail. Adults (from Kentucky) ranged from 80- 1 09
em in total length, and 6.7-16 kg in weight (Barbour and Davis 1970:278). Bobcats were
once widely distributed throughout the eastern United States, inhabiting a variety of
environments including swamps, forests, and mountains. As a result of human
encroachment, the cats are presently somewhat scarce, occurring only in the most remote
areas. Bobcats are particularly amenable to rocky, cliff environments in the Cumberland
Plateau (Barbour and Davis 1970:279). In Kentucky, breeding begins in February or
March; the gestation period is about 62 days with litters of 1-4 kittens born in the late
spring (Barbour and Davis 1970).
Birthing occurs in dens located in hollow trees, thickets, or rock crevices. A
preference for the latter was noted by Young (1958:44):
Dens occur under logs or in small natural rocky caves or recesses such as those
found in limestone or eroded sandstone formations. In such locations the bobcat
will sometimes bring moss and dried leaves to make a more protective and secure
shelter where about to bring forth young.
Parmalee (1967:122) inferred that a small cave in lllinois served as a bobcat den, on the
basis of the high frequency of bones from juvenile bobcats in the associated faunal
assemblage. Likewise, Hamilton and Hunter (1939) found a high degree of utilization
(dens were marked by a distinct, pungent odor) of rock crevices in Vermont.
Bobcats are nocturnal carnivores that rarely emerge from their lairs during the
daytime. The animals hunt with cat-like stealth, lying in wait to pounce on their quarry.
Predation focuses on small-to-medium sized animals. A preference for cottontail has been
demonstrated by several researchers (Rollings 1 945; Pollack 1 95 1 ; Dearborn 1 932; Foote
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1945). In a detailed study of the food habits of bobcats in Alabama, Davis ( 1955) found
that cottontail rabbits comprised more than 60% of the year-round diet. However, this
author also found that a wide variety of prey were taken including mice, rats, squirrels
and birds when seasonally available. White-tailed deer is apparently a basic food in the
bobcat diet and substantial percentages have been reported (Hamilton and Hunter 1939).
While accounts of bobcats killing adult deer can be found (Young 1 928; Newsome

1930), most deer utilization is thought to be from carrion (Schofield 1 960). Bobcats are
known to consume all portions of the small prey items. As in the case of wolves, bones
are often consumed but not fully digested. Barbour and Davis (1970:279) noted that
bobcat feces are easily identifiable since they consist almost entirely of hair and bones.

�
C.O.E. ( 1 976) listed two species of foxes for the Big South Fork area, the red fox

(Vulpes vulpes) and gray fox (Urocyon cinereogenteus). Both are medium-sized canids
with pointed muzzles, large upright ears, and long bushy tails. Adult red foxes are
normally 90-1 14 em long and 2.7-5.8 kg in weight. Gray foxes are somewhat smaller,

80- 1 1 3 em long and 3.2-5.4 kg in weight (Barbour and Davis 1 974). Both species are
relatively abundant on the Cumberland Plateau, despite their variable habitat preferences.
Red foxes most often inhabit fields and open environments, while gray foxes are forest
dwellers that prefer wooded, brushy terrain or heavily wooded bottomlands. Both species
mate in mid-winter and give birth in late spring or early summer. Both species are known
to utilize rock crevices for denning sites, however, red foxes are more likely to use
burrows in stream banks or open fields. The utilization of caves and rockshelters by gray
foxes is well documented (Mahen 1964; Golley 1 966; Frye and Lay 1 942). The primary
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limiting factor in den location is availability of dense cover and proximity to pennanent
water (Sullivan 1956).
Foxes are primarily nocturnal animals usually spending their days asleep in dens.
Hunting forays up to 1 .5 km from the den site are opportunistic; prey is more often dug
from burrows than taken by stealth. Studies of the food habits of foxes depict a variable
diet often including insects, fruits, nuts, and grains as well as mammals, birds, reptiles,
amphibians, and fish. In most cases, small mammals such as mice, voles, and shrews are
the primary constituents in number, while rabbits dominate in terms of biomass. The
occasional use of deer most likely attests to the opportunistic scavenging of carrion
(Latham 1950; Basadny 1 966; Pils and Martin 1978; Schofield 1959; Nelson 1933).
Foxes are coprophagous mammals, having two types of feces. One is a soft type
usually eaten when passed; the other is a small, compact dropping comprised largely of
fur and bones. The latter nonnally has a mucous coating to facilitate passing of sharp
edged bone fragments through the intestine (Burrows 1968 :25). The presence of bone
material from feces is a characteristic feature in fox den locations (Latham 1943; Mitchell

1 941).
Raccoons
The raccoon (Procyon lotor) is a medium sized mammal with thick gray-yellow to
brown pelage, slender muzzle, and a characteristic dark facial mask. Adults typically
weigh 6.8-8.7 kg and measure 70-83 em in total length (Hamilton and Whitacker

1 979:275). The animals generally breed in mid-winter with litters of 3-4 young born in
late spring or early summer (Schwartz and Schwartz 1959). Raccoons are widely
distributed throughout North America and are abundant on the Cumberland Plateau.
Raccoons prefer habitats consisting of wooded bottomlands; however, they are extremely
adaptable and may adjust their range seasonally to take advantage of resource availability
(Baker et al. 1945; Stuewer 1943). In heavily wooded environments, raccoons normally
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utilize hollow trees for denning sites; however, rockshelters may also be used when
available. Giles (1 942), for example, noted a preference for cliff exposures over tree sites
in a survey of raccoons in eastern Iowa. In this study, the majority of dens were found in
cracks and fissures in the steep, precipitous faces of larger bluffs--even when hollow
trees were available. Dens were up to 122 em wide, 102 em in height, and choked with
loose rock to create an internal network of passages.
Raccoons are nocturnal mammals that characteristically forage along stream banks
(Barbour and Davis 1 974:255; Sharp and Sharp 1 956). While home ranges are relatively
small and well-defined, the animals may traverse great distances in search of food
(Stuewer 1943:226). The raccoon diet is highly variable, based on what is most readily
available. Raccoons are omnivorous, relying primarily on seasonally available plant foods
such as acorns, nuts, persimmons, and berries (Yeager and Rennels 1943:59). However,
a wide variety of game and carrion are taken when available. Studies by Hamilton (1936;

1940) on raccoons in New York suggested predation on a variety of small animals
including on mice, shrews, squirrels, frogs, turtles, and snakes.
I was recently afforded the opportunity to observe raccoon scavenging first-hand
during an experiment conducted as a follow-up to the Rugby Rockshelter woodrat study
discussed in Chapter 3. In order to assess whether the greasiness of bone was a factor in
disturbance by woodrats, I introduced several fresh cow and pig elements along with dry
deer bones into the original experiment locus at Rugby Rockshelter. Within several days,
most of the fresh bones were scattered or missing, and the area was profuse with raccoon
tracks. While the woodrat experiment was completely ruined, at least some light was shed
on the potential taphonomic effects of raccoons in rockshelter sites.

Mustelids
Several members of the mustelid family including the long-tailed weasel

(Mustela

frenata), the mink (Mustela vison), and two genera of skunk, the striped skunk (Mustela
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mustela) and the spotted skunk (Spilogale putorius), may be regarded as potential
taphonomic agents in rockshelter sites. These small, nocturnal carnivores are widely
distributed throughout the eastern United States; all are relatively abundant in the
Cumberland Plateau except for spotted skunk which is scarce. None of these animals
hibernate, although skunks are normally less active in cold weather (Hamilton 1937).
Breeding occurs with all species in late winter, with birthing in the spring. All species
favor forest edges, brushlands, fence rows, and stream bank habitats. Spotted skunks,
however, occur more often in upland areas with rocky, rugged terrain. All species have a
marked tendency to locate dens in the burrows of other animals including foxes,
woodchucks, and ground squirrels. However, mustelids are opportunistic and will utilize
nearly any type of natural enclosure including small caves and rockshelters (Barbour and
Davis 1974:265-269; Shirer and Fitch 1 970). Among the species discussed here, mink
and weasels are most likely to seek dens close to water; skunks generally exploit upland
locations.
The diet of mustelids varies according to location and seasonality. In general,
mink and weasels are entirely carnivorous, while skunks are unspecialized omnivores.
Latham (1950) cited studies from New York and Pennsylvania that indicate that the
spring and summer diet of striped skunks is comprised primarily of insects, fruits, and
berries, and secondarily of small mammals, mainly mice. Identification of birds, deer,
squirrels, and rabbits from stomachs and feces indicated that the animals will exploit
carrion when available. In winter, reliance on small mammals, particularly mice and
rabbits has been observed for both spotted and striped skunks (Hamilton and Whitacker
1 979:300). In contrast to skunks, mink and weasels are more aggressive predators,
known to stalk and overcome animals larger than themselves. Studies from marsh areas
indicate that a large portion of the summer diet of mink is comprised primarily of
muskrats, and secondarily of small rodents, rabbits, birds, turtles, snakes, fish, and
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insects (Dearborn 1932; Sealander 1943; Hamilton 1940). Winter studies also indicate the
utilization of a wide variety of prey particularly small mammals such as rats and mice
(Guilday 1949; Korschgen 1958). The diet of weasels may be somewhat less variable
with only infrequent utilization of aquatic animals. Studies compiled by Latham (1950)
show that weasel predation, year-round, focuses on mice, with smaller numbers of
cottontail, shrews, rats, birds, and insects occasionally taken.
Consumption of prey by mustelids nonnally includes all body parts including
bones (Svihla 193 1). The preservation of bones in feces is well documented (Glover

1942; Hamilton 1935, 1940). Furthermore, in the case of the weasel, nests within the
dens are often constructed using the remains of their prey including fur, skins, and bones
·

(Hamilton and Whitacker 1979:291; Barbour and Davis 1970:262). Thus, small
mustelids may be regarded as a potentially important taphonomic factor in rockshelter
sites�-particularly in the �ase of assemblages consisting of small animal remains.

Opossums
The Virginia opossum

(Didelphis marsupia/is) is the only mars�pial indigenous to

North America. Adult opossums are approximately the size of a large house cat (65-84
em in le�gth, 3-5 kg in weight) with the outward appearance of a large rat, with long,
pointect muzzle, black beady eyes, hairless ears, and long scaly tail (Keefe 1967). While
the opossum is now widely distributed in the eastern United States, and occurs
commonly throughout the Cumberland Plateau, its former status in the area is
questionable. Guilday (1958) noted a paucity of remains from prehistoric sites anywhere
on the Cumberland Plateau and concluded that they may not have been indigenous in
prehistoric times. Nevertheless, opossums are highly adaptable, tolerant of extremes of
temperature and capable of eating nearly anything; thus, they may be expected to occur in
any environment having sufficient natural cover and water. Opossums breed in mid
winter with a gestation period of only 1 1- 13 days; as marsupials, the young remain in the
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pouch another 50-70 days. Opossums do not hibernate but rather become sluggish in cold
weather, usuall,y staying in their dens.
Opossums are solitary, nocturnal animals that spend their days in makeshift dens
loc�ted in hollow logs, debris piles, ground burrows, or any concealed site. Caves and
roqcshelter are commonly used wherever rock outcroppings are abundant (Shirrer and
Fitfh 1970). A study of opossums in Missouri by Reynolds ( 1 945:375) revealed that
a�ut one-half of the dens were located in rock crevices:
These [small caverns] seemingly afford excellent protection against both adverse
weather and enemies, and when available they are generally used for dens in
preference to other types of shelters.
A distinctive characteristic of opossums is their random and erratic foraging
habits. Opossums are not territorial and have no fixed home range. The animals tend to
wander from place to place, rarely reusing the same den site. Availability of food and
water appear to be the only restricting factors in daily movements (Lay 1942).
Since opossums will consume nearly anything they are one of the most
omnivorous mammals (Barbour and Davis 1970:21). Studies indicate, however, a clear
preference for meat (Llewellyn and Uhler 1952; Reynolds 1945; Latham 1950:60).
Because opossums are relatively slow, ponderous animals, much of their animal
subsistence is provided by insects and carrion. Llewellyn and Uhler (1952) for example,
reported 86% animal content from the stomachs and droppings of Maryland opossums;
included were snakes, frogs, salamanders, fish, mice, voles, shrews, squirrels, and
birds. The opossum's predilection for nocturnal foraging of road-killed animals may
account for their apparent high mortality rate from automobiles.

76

Analyses ofBoneAssembla&e Production and Modification
By Predatozy and Scayen�n& Mammals

A number of researchers including archeologists, zoologists, paleontologists,
biologists, and wildlife managers have presented systematic studies relating to the
taphonomic effects of several of the taxa discussed in the foregoing biographic sketches.
Several studies, relevant to the topic of rockshelter taphonomy will be reviewed in the
subsequent section. In researching this topic, a number of questions pertaining to the
behavior of certain taxa were encountered. Attempts were made in some instances to
address these questions through pertinent actualistic research. However, the practicability
of performing certain conceptualized experiments was a constant constraint, thus, these
studies are far from exhaustive. While numerous vital questions remain unresolved a
number of general patterns have emerged which may offer assistance in the analysis of
faunal remains from rockshelter assemblages.

Studies amon& Wolyes
Wolves are among the most thoroughly studied animals from the perspective of
taphonomic research, and a relatively large amount of information is available specifically
via the efforts archeologists. Haynes ( 198 1 ), for example reported on an experiment
conducted with two captive wolves from the National Zoological Park, Washington D.C.
The animals were fed whole, fresh long bones from commercially slaughtered cows, and
observation on feeding behavior and bone modifications were presented:
When bones are fresh...wolves eagerly gnawed while standing up. After up to an
hour or more of this kind of gnawing, the bones may be temporarily abandoned
or may be brought into a sheltered den for sustained gnawing. .. Bones brought
into dens are often times carried out again by wolves ... so bone redistribution is an
ongoing process with these species (Haynes 198 1 :88).
Damage to bones by gnawing was also carefully noted in terms of sequential
stages. In the initial stages of gnawing, damage was found to be restricted to the articular
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ends of long bones and involved penetration of the cortex and exposure of the trabecular
tissue:
Damage may consist of single and isolated tooth punctures through the outer
compact bone into cancellous tissue or sets of single tooth punctures that run
together (Haynes 1982:88).
Within several days the articular surfaces were completely removed and the
exposed cancellous tissue was scooped out. In the final stages the ends of long bones
were completely consumed. In the case of a cow femur, all that remained was a hollow
shaft with scratch marks up to 3 em long, concentrated on the ends of the diaphysis. The
broken edges of the end were reportedly polished due to the repeated chewing and
licking.
Haynes ( 198 1 ) also observed the feeding of deer carcasses to captive wolves, and
made surface collections from a one-half acre enclosure in Minnesota. Table 5. 1 is
composed from this author's description of the collected materials. The apparent under
representation of phalanges, ribs, vertebrae, carpals, and tarsals was attributed to the
wolves ability to consume these elements whole. Finally, Haynes ( 198 1 ) presented
observations from wild kills of bison, moose, and deer from the Superior National Forest
in Minnesota. Table 5.2 summarizes the modifications of specific deer elements from this
study. Interestingly, from the perspective of rockshelter taphonomy, Haynes (198 1 : 1 8 1)
noted that wild wolves often transported bones away from the kill site, and that over the
course of time, substantial assemblages might be accumulated at dens and other
secondary sites. The specimens at such sites are expected to exhibit a greater degree of
modification from gnawing than those left at the kill site, since sustained gnawing is a
compulsive pastime activity among animals in their dens (Haynes 1 98 1 : 162).
Haynes' (1981) studies of bone modification among wolves is explicit in its
descriptive generalizations but may be criticized for the lack of quantitative data. Another
archeologist, Binford ( 198 1 ), also presented research data involving wild wolves and
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TABLE 5 . 1 . SUMMARY OF DEER ELEMENTS COLLECTED BY HAYNES ( 1 9 8 1 ) FROM A
WOLF ENCLOSURE IN MINNESOTA.

Element
Mandible
Maxillary ramus
Ribs
Vertebra
Calcaneus
Astraguli
Phalanges

NISP

MNI

not given
not given
10
8
10
13
13

27
22
1
2-8
5-10
7-13
4- 1 3

TABLE 5.2. SUMMARY OF MODIFICATIONS TO DEER ELEMENTS COLLECTED BY
HAYNES (198 1 ) FROM WOLF KILLS IN THE SUPERIOR NATIONAL FOREST,
MINNESOTA.

Initial Stage

Final Stage

Mandible

Gonia! angle broken.

Only tooth rows survive.

Ribs{Thoracic
vertebra

Ventral portion of ribs
consumed.

All vertebral processes broken.
Tooth marks, vertebral bodies.

Lumbar vertebra

Loss of processes.

Complete consumption.

Scapula

Damage to boarders.

Only glenoid area survives.

Pelvis

Gnawed edges and
tuberosity.

Only acetabular area survives.

Limbs

Damage to articular ends.

Removal of epiphyses; gouging
and furrowing of cancellous
tissue; scoring and scratching of
compact bone.

Element
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gave a somewhat better account of the nature of bone modification, particularly as it
pertains to the subject of rockshelter taphonomy. In a study of the wolves of the Brooks
Range of northcentral Alaska, this author noted the occasional use of caves and
rockshelters as denning sites. These sites were generally reoccupied year after year and
were, therefore, seen as having high taphonomic potential:
Reuse of locations as lairs appears to be a function of the degree to which dens do
not collapse. Therefore, substantial lair accumulations can be expected in caves
and rockshelters (Binford 1981 :202).
After visiting a wolf den in a rockshelter in the Anaktiqtauk Valley, Binford ( 198 1 : 1 99200) gave the following detailed description:
There was a very small chamber extending up under the back wall, which
branched into several fissure-like small chambers. These extended back into the
rock at least an additional 3 m. Along the drip line was a substantial "cone"
deposit standing about 1 m above the base of several very large blocks of roof
fall, immediately inside the shelter. There was an irregular "floor" among these
blocks, and this was the level on which the solution chambers in the back passed
into the rock...Bone resulting from the wolf occupation of the shelter was
scattered along the entrance and down the talus deposit. In addition, there were a
few scattered bones on top and at the base of a large block of roof fall directly in
the entrance. Most of the bone along the talus deposit had the appearance of the
remains of scat...Bone inside and among the boulders at the entrance was more
heavily gnawed and appeared to be the remains of parts introduced and gnawed
but not ingested.
A small collection of the sheep and caribou elements from the talus and entrance of the
rockshelter were described as heavily chewed and extremely weathered.
A more substantial collection of caribou bones was made from two abandoned
wolf dens from another location along the gravel banks of a small stream, Bent Creek.
The identified elements were systematically tabulated and are shown here in Table 5.3.
These data indicate that some elements or portions of elements have a greater chance than
others of appearing in a sample assemblage from a wolf den. This reflects the fact that
wolves will either destroy bones through consumption or simply not transport them to
den sites.
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TABLE 5.3. BONE SPECIMENS IDENTIFIED BY BINFORD (198 1 ) FROM WOLF DEN,
BENT CREEK, ALASKA.

Elementlportion
Cranium
Mandible
Atlas
Axis
Cervical vertebra
Thoracic vertebra
Lumbar vertebra
Pelvis
Ribs
Scapula
Proximal humerus
. Distal humerus
Proximal radio-cubitus
Distal radio-cubitus
Carpals
Proximal metacarpal
Distal metacarpal
Proximal femur
Distal Femur
Proximal Tibia
Distal Tibia
Tarsals
Astragalus
Calcaneus
Proximal metatarsal
Distal metatarsal
First phalange
Second phalange
Third phalange
·

% of highest
MNI

MNI
12
12.5
9
5
.86
.29
1 .7
9.5
0
8
3.5
14
1 0.5
6.5
4.5
10
9.5
2
3
2
8.5
5
4.5
5
7
4
3.25
2.25
1

86
89
66
36
6
2. 1
12
68
0
57
25
100
. 75
46
32
71
68
14
21
14
61
36
32
36
50
29
23
16
7

MNis were calculated as outlined by Binford ( 1 978:69-72).
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The subject of bone destruction and differential transport by carnivores has been
addressed by Binford and Bertram (1977), Brain ( 1967), and others. These studies
consistently show that, all factors being equal, heavier, denser bone elements have a
greater chance of survival. One of the techniques employed by Binford (198 1 :217) for the
purpose of assessing the degree of destruction by carnivores in a bone assemblage
involves the relative proportion of proximal to distal ends of tibia and humeri. Given the
differential densities of the opposite portions of these elements, differential survival rates
are anticipated if large carnivores are involved. Note from Table 5.3 that the differences in
representation of proximal and distal portions of both of these elements in the Bent Creek
dens were much greater than in any other type of long bones. Note also from Table 5.3
that long bones having dense structures at both ends (eg., metapcxlials and radiocubitus)
have a high degree of representation of both proximal and distal portions, while elements
with fragile structures at both ends (femurs) have a relatively low degree of representation
of both proximal and distal portions.

Bone fra!Wleutation and Marrow Extraction by Wolyes
The above studies clearly demonstrate that wolf den bone assemblages are
potentially distinguishable from other types of sites. Both Haynes (198 1 ) and Binford
(1981) established that in den contexts wolves tend to destroy certain elements or portions
of elements through transport or sustained gnawing. Both authors described
modifications to surviving elements that resulted from disarticulation, defleshing, or
sustained gnawing; however, their emphasis was on element or portional representation
rather than fracture patterns per se. In the following section a quantitative examination of
bone fragmentation among wolves is given in order to assess whether the manner of
breakage is consistent between elements, and whether marrow extraction may be a factor.
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An Unbiased Assessment ofBone Brea1caee
When bones are broken for a singular purpose such as marrow extraction, a
particular pattern ought to be evident: namely, a higher degree of fragmentation among
elements having higher marrow content, i.e., long bones in the case of the white-tailed
deer (Bonnichsen 1979; Bourne 1972). Deriving an unbiased index of fragmentation is
relatively easily accomplished with an adaptation of Chaplin's ( 197 1 :67) "butcher's meat
index." Chaplin's ( 197 1 ) intent was to illustrate the intensity of butchering among
specific taxa in an assemblage by dividing the NISP for the given taxa by its MNI. In
order to assess the relative degree of fragmentation between skeletal elements a slightly
modified calculation may be applied to the specific elements:
Fie = (NJSpe I MNie I Nl)
Where fie = the fragmentation index for a given element.
NJSpe = The number of identified specimens of a given element.
MNJe = The minimum number of individuals via that element.
N1 = The number of the given elements in the anatomy of the particular taxa.
The use of Nt is a weighting factor that makes the various Fie calculations directly
comparable to one another by adjusting for the varying number of anatomical parts per
individual. (e.g., there are 24 vertebrae, but only two tibiae in a deer).
In another study, I employed this index to demonstrate that differential

fragmentation of deer elements in a Mississippian mound site was probably referable to
the cultural practice of marrow extraction (Hoffman 1982). Calculation of FI for elements
in this large assemblage revealed consistently higher scores among long bones than flat or
irregular bones. While the fragmentation index may allude to a cultural practice such as
marrow extraction, it is questionable whether it can also be used to distinguish between
cultural and natural bone assemblages in light of aforementioned studies that demonstrate
the ability of wolves to break any bone in the skeleton of a large mammal such as a deer.
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Fra�mentation Analyses of Deer Bones Amon�Captive Wolves
I recently had the opportunity to assess bone fracturing and other patterns of
modification by wolves when I was provided with a surface collection of deer elements
from a one-half acre enclosure containing five adult wolves. The animals were maintained
for research by Dr. Marcella Cranford of AWARE Incorporated, Knoxville Tennessee.
The bones collected from the enclosure represented three adult individuals partially
butchered by local hunters. The bones were defleshed and left among the wolves for
approximately 1 2 weeks before being collected. A tabulation of these specimens, along
with qualitative assessments of damage, is shown in Table 5.4. Modifications among
these specimens are generally similar to those observed by Binford (1981). The absence
of small elements such as carpals, tarsals, and phalanges in the collection may reflect full
consumption by wolves (scat samples were not included in this collection). Also absent
from the sample were light, fragile elements such as ribs and vertebrae. In general, all
classes of flat bones and irregular bones were less well represented than the more durable
long bones. In the case of the latter, patterns in representation are remarkably similar to
those noted by Binford ( 198 1), (i.e., higher numbers of distal humeri and tibia, and low
representation of both femoral ends). Additionally, specimens showed the same signs of
gnawing, (namely punctures, pitting, and scoring), that other researchers have observed
(Figure 5.1).
Returning to the question of bone fragmentation patterns and marrow extraction
by wolves, calculations of fragmentation indices for each element suggest a greater degree
of fragmentation of humeri, tibia, femurs, and radii (Table 5.4). Whether this indicates
that marrow extraction was an intentional practice among the wolves is, however,
unresolved. It is perhaps important to note that the sample size (NISP) was relatively
small given the number of individuals placed in the enclosure. This reflects a pattern of
high overall destruction of all skeletal elements. The apparently higher degree of
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TABLE 5.4. QUANTITATIVE AND DESCRIPTIVE DATA FROM DEER ELEMENTS MODIFIED
BY WOLVES.
FI
1.0

D��cril2tiQn Qf MQdifi�atiQn

Maxilla

NISP MNI
1
2

Mandible

2

2

.5

Ascending ramus broken off. In one case, all that
remains is a small, pitted fragment with a single
molar in the socket.

Scapula

3

2

.75

Vertebral border chewed to a jagged edge. In most
extreme case all that remains is the neck, a small
portion of the acromion process, and the blade.
Pitting and punctures present on blade.

Pelvis

3

3

.5

All margins reduced leaving only the area around the
acetabulum. Scooping of cancellous tissue, pitting
and punctures.

Metapodials

3

1

1 .5

End are removed leaving only shaft. Scoring and
pitting present.

Astragalus

4

4

.5

Two were untouched, still articulated to distal tibia.
Others, heavily pitted, eroded into cancellous tissue.

Calcaneus

1

1

.5

Posterior edge gnawed into cancellous tissue. Pitting
and scoring evident.

Tibia

9

3

1 .5

All proximal end removed. Heavy pitting and scoring
at proximal shaft. Puncturing and scoring on distal
ends. Spiral fractures evident on four specimens.

Humerus

15

3

2.5

No proximal ends present. Scoring and pitting
evident. Intrusion into cancellous tissue on one
trochlea. Spiral fractures evident on two specimens.

Femur

6

2

1 .5

Shaft fragments only present. Edges polished from
gnawing. Scoring and pitting evident. Spiral
fractures evident on two specimens.

Radius

11

3

1 .83

Heavy scoring and pitting on proximal ends. Distal
ends removed. Edges polished from gnawing. Spiral
fractures evident on three specimens.

Ulna

3

3

.5

Proximal ends articulated with radii . Intrusions into
cancellous tissue. Pitting, punctures, and scoring
evident at proximal ends.

Unid. Long
Bones

9

Jagged-edged fragments with cheek teeth present in
sockets.

All show scoring and pitting. Spiral fractures evident
OD twO fraWJentS.
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FIGURE 5.1. DEER ELEMENTS COLLECTED FROM A WOLF ENCLOSURE IN KNO:xvn.LE,
TENNEsSEE. Note the spiral fractures on the two specimens on the left

fragmentation of long bones may merely be a reflection of the greater durability of those
elements, and inability of the wolves to fully consume them. In conclusion, degree of
bone fragmentation by wolves may or may not indicate marrow extraction, but it cannot
be used as a means for distinguishing cultUral from natural assemblages when strong
jawed carnivores such as wolves may have been a factor.

The Taphonomic Potential ofLar�e FeUds
A number of archeologists have studied bone alteration among large felids. For
,

instance, Bonnichsen (1973) collected bones from a captive caracal cat
north China leopard (Panthera pardus), a Siberian lynx

(Lynx caracal), a

(Lynx lynx), and a Siberian tiger

(Panthera tigris). Miller (1 969) obtained bones from the cages of two species of large
cats, Panthera tigris and

P. leo. Both Simons (1966) and Brain (198 1) collected bones

from South African leopard lairs in order to evaluate patterns that might be present in
archeological contexts. Finally, Haynes (1981) experimentally fed cow bones to African
lions

(Panthera leo), jaguars (Panthera onca), and tigers (Panthera tigris) during his

aforementioned studies from the National Zoo.
All of these studies show a degree of consistency in the way large cats modify
mammal bones. Similar to wolves, large cats tend to attack the ends and edges of
elements. However, large cats appear to produce less fragmentation than canids,
especially in the case of long bones. Clearly, the large cats have powerful jaws and are
capable of shattering long bone shafts. For example, Bonnichsen (1973:22) illustrated a
spirally fractured sheep tibia produced by a Siberian tiger. However, in most cases with
large cats, damage is restricted to the epiphyses of long bones, mainly in the form of
gnawing of cancellous tissue, and punctures of the cortex. In the case of flat bones,
crunching and splintering may occur along with gnawing and puncturing of the cortex.
Comparisons between bone modification by large felids and other carnivores were
succinctly summarized Binford (198 1 :38):

87

Most observers of cats agree that they are fastidious eaters and modify bones
primarily in the course of removing meat from the skeletons rather than during the
gnawing sessions more characteristic of canids and hyenids.

Bone Modifications byMountain Lions
Most of the aforementioned studies of bone modification by felids were conducted
by researchers with interests in Old World archeology. None of these studies included the
American mountain lion as a subject for consideration. The question of the taphonomic
effects of mountain lions is particularly relevant to the study of assemblages in the eastern
United States. Since ice-age times, wolves and mountain lions have been the only
predators indigenous to the eastern woodlands that subsist primarily on white-tailed deer.
The ability of these animals to transport and modify substantial numbers of large animal
. bones make them potentially incisive taphonoinic agents, particularly noteworthy for
archeologists working with prehistoric faunal assemblages in which deer elements are
often very abundant. The question of whether mountain lions modify large mammal
bones and produce patterns that are distinguishable from wolves or humans was
addressed in the following experiment:
A single adult, road-killed white-tailed deer, approximately 1 35 lbs live weight
was fed to two adult mountain lions in the Knoxville ZOO. Since the animals were being
openly displayed at the time of the experiment, the conditions of the feedings were
regulated to mitigate public sensitivity. The deer carcass was skinned, eviscerated and
separated into five units: two hindquarters, two forequarters and a thoracic section. The
head, neck, and right thoracic area (severely damaged from the kill) were not included.
Each unit was given to the cats in successive feedings. The units were left in the cages
approximately 1 8 hours; bones were then macerated and cleaned of all remaining soft
tissue to facilitate examination.
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Observations on Deer Feedin�s with Captive Mountain Lions. Feeding behavior
of the mountain lions in the Knoxville Zoo study appears to have been typical of other
large cats (Becht 1 953). The deer portions were at first snatched aggressively by the
larger, male

animal. Feeding was momentarily voracious but slowed noticeably within

several minutes. The cats reclined, in a prone position, shearing off pieces of meat while
holding the deer units between their forepaws. The only time bone breakage was evident
was during consumption of the axial skeleton. In this case, animals were observed using
their cheek teeth to bite off the ends of ribs; The sound of crunching and splintering of
bones was clearly evident.

In all feedings, the cats managed to completely strip the meat from the bones. On
two different occasions, the cats placed the defleshed bones under a wooden grate iri a
concealed portion of their enclosure. These actions are reminiscent of caching behavior
discussed in the above biographic sketch section. In this case, however, the cats were not
inclined to return to the bones to chew on them once the meat was removed. Bones are
normally fed to the animals on a weekly basis and zookeepers affmned that the lack of
interest in defleshed bones was typical behavior.

Patterns of Bone Modification By Mountain Lions. A total of 4 1 of the 44 deer
elements included in this experiment showed some degree of damage (Table 5.5).
Fracturing of bones occurred only among flat bones and irregular bones. The ends of all
ribs and protruding processes of vertebrae were completely consumed. Additionally, the
vertebral boarder of the scapula and superior border of the ilium were heavily damaged.
Other types of modifications (after Binford 198 1 : 44) included scoring, punctures, and
pitting (Figure 5.2).
While the restricted conditions of the above study prohibit making broad
generalizations about typical patterns of bone modifications among wild mountain lions,
the following qualitative statements are relevant to the subject of taphonomy. First,
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TABLE 5.5. DESCRIPTION OF MODIFICATIONS OF DEER ELEMENTS BY CAPTIVE
MOUNTAIN LIONS.

Element

Description ofModification

Scapula

Left: Scooping of vertebral border producing a jagged edge; punctures
and pitting evident in this area Scooping of cancellous tissue at glenoid
facet. Right: Edge of vertebral border removed; pitting and punctures
evident on blade; Glenoid area shows pitting, punctures, and scoring.

Humerus

Left: Cancellous tissue scooped from proximal end; pitting and
punctures on this end only; slight scoring on diaphysis. Right: Pitting,
punctures, furrows on proximal end only.

Radius

Left: no damage. Right: score marks on diaphysis.

Ulna

Left: Pitting and punctures at the proximal end. Right: Slight pitting at
proximal end.

Metacarpal

Left: No damage. Right: no damage.

Carpals, Tarsals, No damage.
Phalanges
Ribs

22 small fragments present; only three proximal ends remained intact.
About 80% of the rib bone material was completely consumed. All
remnants are highly pitted and punctured.

Sternum

Completely consumed.

Vertebra

All bodies pitted, punctured, scored. All lateral and spineous processes
were removed.

Sacrum

Distal portion and caudals completely consumed. Dorsal edge of the
surviving section is heavily gnawed.

Pelvis

Left: Furrowing an,d scooping of cancellous tissue at the iliac crest and
iscial tuberosity. Scoring in all areas except around the acetabulum.
Right: iliac crest completely removed; pitting and punctures evident

Femur

Right: Consumption of proximal end; scooping of cancellous tissue at
condyles; punctures, pitting, and scoring at both ends of the diaphysis.
Left: Pits and punctures evident at both end of the diaphysis; scoring at
midshaft and distal end.

Tibia

Right: Cancellous tissue scooped out on proximal epiphysis; slight
scoring on the lateral edge of the shaft. Left: Pitting and punctures
on the proximal end; slight scoring on the cnemial crest.

Metatarsal

Left: Slight scoring at midshaft Right: slight scoring proximally and at

the mjdshaft
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FIGURE 5.2. DEER ELEMENTS MODIFIED BY CAPTIVE MOUNTAIN LIONS FROM THE KNOXVILLE
ZOO. Note the large puncture marks on the ribs and vertebra. On other elements, damage is
concent;rated along the edges.
·

substantial damage to deer bones by mountain lions seems more likely to occur among
the softer flat bones and irregular bones than with harder long bones. This may be a
reflection of the animal's dental morphology rather than the strength of the jaws. Unlike
wolves, which have massive, flat-crowned molars that are well suited for crushing hard
materials, mountain lions have high-crowned, sectorial cheek teeth, best suited for
slashing through soft tissue. Second, the majority of the damage to deer long bones by
mountain lions appears to involve gnawing through soft, cancellous tissue of epiphyseal
ends. This might ultimately be expected to produce patterns similar to wolf assemblages,
in which there is a lower representation of proximal humeri and tibias, as well as both
femoral ends. Unlike wolf assemblages, however, there may be little or no fragmentation
of long bone shafts. Among flat bones and irregular bones, damage is focused on the
edges and protuberances. Like wolves, mountain lions may fully consume ribs. Finally,
the above study employed a partially butchered deer carcass; thus, the observed
modifications were related primarily to defleshing and only incidentally to disarticulation.
Nevertheless, nothing was observed in this study that conflicted with patterns other
researchers have noted for other species of large felids. Most notably this study confirms
that prey consumption among felids focuses on soft tissue rather than hard bone, which
may be a primary object of attention among canids. From a taphonomic perspective, this
implies that mountain lion-generated faunal assemblages ought to contain low
representations of fragile elements or portions of elements, but little fragmentation of long
bone diaphyses.

Studies of Bone Modification Amon� Smaller Predators
The ecological literature is profuse with studies of bone materials resulting from
small to medium-sized carnivores; most of these, however, were by researchers primarily
interested in dietary reconstruction rather than the nature of bone preservation per se (see
Latham, 1 950 for numerous examples). One notable exception, however, was Lockie's
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(1959) assessment of differential skeletal representation from the feces of red foxes. In
this study, several species of small animals (rabbits, voles, mice, and birds), were
experimentally fed to three captive red foxes in the Edinburgh Zoological Park. The foxes
reportedly consumed nearly all portions of their prey, leaving only an occasional tail or
foot uneaten. Since the author's main interest in this study was in correcting biases in
dietary reconstruction from fecal analyses, precise descriptions of bone preservation were
not given. Lockie (1959), however, noted that both fur and teeth from mice and voles
survived with about 45% of the latter recovered from the feces.
Actualistic studies of bone preservation among small predators by researchers
with paleobiological interests are also extremely scarce. In a study by the paleontologist
Mellet ( 197 4), bones were extracted from the scat of bobcats, coyotes, and badgers
collected from Wyoming and Colorado. Mellet's (1974:349) descriptions are concise and
augmented by photographs:
Bones so obtained are totally clean of soft tissue and show little evidence (other
than breakage) of what they have undergone. Because bone will break down
readily in an acid environment, its residence time in the carnivore's stomach must
be relatively short. Nor do carnivores thoroughly masticate the sri1all mammals
they consume. One scat sample contained a still articulated, although broken,
radius and ulna of a plains pocket gopher (Thomomys bottae). Another contained
the perfectly preserved ribs of the tiny deer mouse Peromyscus. Bones of large
mammals such as deer, on the other hand, are fragmented and heavily chewed.
The chewed edges of such pieces, give them a water worn appearance, and if
found in a sedimentary deposit such material might mislead a worker to assume
that hydrolic action had been involved in its development.
Mellet (1974) compared specimens from his modem collections with Mezozoic and
Tertiary assemblages that had been formerly associated with fluvial deposition, and
proposed the term "coprocoenosis" to describe such accumulations. From Mellet's (1974)
research, scatological assemblages can be summarized as comprised of highly fragmented
specimens with little evidence of abrasion except for occasional polishing of edges from
chewing. Such assemblages rarely contain elements from birds, bats, or arboreal
mammals, and reflect known preferences by certain predators as well as local availability.
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Experimental Bone Modifications by a Captive Bobcat
The few published studies of the taphonomic effects of small predators, such as
by Lockie ( 1959) and Mellett (1974), consist almost entirely of basic observations and
involve qualitative conclusions about uncontrolled samples. In an effort to acquire a better
idea of the quantitative nature of bone alterations by small predators, the following
controlled experiment was implemented. An adult domestic rabbit was fed to an adult
female bobcat in the Knoxville Zoo. Since the cat was incapable of consuming more than

.45 kg at a time, the skinned rabbit carcass (post-cranial only) was divided into several
sections and given to the bobcat as the exclusive diet for approximately four days. The
residual bone materials from these feeding comprised two sample types. One was the
uneaten bone remains, the other was osseus materials recovered from the eat's feces.
Table 5.6 gives descriptions of the recovered bone samples as well as tabulations
of various classes of modification. All totalled, 70.8% of the bones showed some degree
of modification. The fact that some sections were totally consumed while others were
virtually untouched attests to this particular eat's well known finicky food habits. Among
the sample, the most prevalent types of modification were punctures at the ends of long
bones and edges of flat bones, and shattering of long bone diaphyses. The latter form of
modification produced at least four clear instances of spiral fracture (see Figure 5.3).
Observations on bone remains from the fecal samples are similar to those given by Mellet

(1974). Fecal specimens from the bobcat experiment were dominated by shatter
fragments from the long bones, particularly the humerus and femur. Unlike the Mellet

(1974) descriptions, however, all specimens were jagged and sharp-edged, not polished
or water-worn in appearance. This indicates that bones were not licked or gnawed as is
the habit among canids, and that digestion was relatively rapid, not allowing for corrosion
of bones from gastric acids.

94

TABLE 5.6. QUANTITATIVE AND DESCRIPTIVE DATA FROM RABBIT ELEMENTS
MODIFIED BY A CAPTIVE BOBCAT.

Elements

Number Number
Used Modified

Description of Modification

Scapula

1

1

Removal of vertebral border and acromion process
leaving a jagged edge.

Humerus

2

2

Head removed from left element and recovered in
feces. Shaft shattered and fully consumed on right
element. Small fragments recovered from feces.
Puncture marks and spiral fracture on uneaten distal
end.

Ulna/
Radius

4

2

Removal and full consumption of distal ends from one
side. These portions were not identifiable from feces.

Pelvis

2

2

Punctures on ilium. Scooping of cancellous_ tissue at
iliac crest.

Femur

2

1

Nearly complete destruction of this element. Full
consumption of all but distal end fragments. Shaft
shattered. Three sections with spiral fractures. Head
and many small shaft fragments recovered from feces.

Tibia

2

1

Heavy puncturing at proximal end. Fibula fragments
recovered from feces.

Vertebra

11

8

Breakage of spines and lateral processes. Removal and
consumption of neural arch in extreme case. Punctures
in vertebral bodies.

·

95

co
en

FIGURE 5.3. RABBIT ELEMENI'S MODIFIED BY A CAPTIVE BOBCAT FROM THE KNOXVILLE ZOO.
Note the spiral fracture on the specimen on the left. The lower specimens are examples
recovered from feces.
·

Discussion
The foregoing analyses have served to demonstrate the acute taphonomic potential
of certain predators and scavengers indigenous to the Big South Fork River area On the
basis of the discussion of the lifeways of select mammals, several mechanisms for the
accumulation of bones in rockshelters may be extrapolated. First, predators or scavengers
may transport their quarry to den sites in rockshelters where, in time, substantial natural
bone assemblages may result. The contributors in this process may include any of the
aforementioned taxa. This acknowledges that transport need not merely involve dragging
whole prey to the den site, but also deposition of partially or fully digested materials as
well. Second, there is an increased likelihood that animals denoing in rockshelters may
die from various natural causes while in their dens and thus become a part of the
"proximal community" of the associated faunal assemblage (Shotwell 1 955, 1 957).
Under these circumstances, a technique such as Thomas' ( 1 97 1 ) CSI index for assessing
skeletal completeness may be a useful taphonomic method. In any case, the potential for
predator or scavenger bone accumulations is perhaps a function of the serviceability of
particular rockshelters as denning sites.

In this regard, the availability of natural cover

within the rockshelter is probably a primary limiting factor.
The above analyses have also demonstrated that predatory and scavenging
mammals may have an important influence on the condition as well as presence of bones
in fossil assemblages. Certain taxa were shown to produce distinctive modifications on
bones as a result of mastication processes. However, delineating a taphonomic signature
for various carnivores may be somewhat difficult. There is a certain impracticability to
demonstrating both the necessity and sufficiency of linkages between specific causal
agents and diagnostic patterns on bone remains. This results from the fact that behavior
related to bone modification is frequently variable within taxa, and occasionally consistent
between taxa. A number of patterns produced by some carnivores (eg., intensive
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breakage of long bones, and spiral fractures) have even been offered by some researchers
as characteristics of human modifications.
Clearly, the assessment of the taphonomic effects of predators and scavengers as
well as woodrats and raptorial birds in a given faunal assemblage cannot be based on
monomial observations, but rather, should take into account the combination of many
relevant factors. In the following sections the Big South Fork area environment and
rockshelter faunal data will be reviewed and assessed in light of conditions revealed in the
foregoing actualistic research. These analyses will largely focus on the application and
evaluation of methodologies for understanding the post-mortem history of the rockshelter
assemblages. Patterns in bone deposition and modification revealed in the above studies
of woodrats, raptors, and predators and scavengers will be referenced when applicable.
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CHAPTER 6

1HE BIG SOUTH FORK RIVER AREA: ENVIRONMENTAL BACKGROUND
AND SUMMARY OF 1HE ARCHEOLOGICAL PROJECf

The Big South Fork River is the third largest tributary to the Cumberland River. It
is a north flowing stream which traverses approximately 1 13 km from its origin at the
juncture of the Clear Fork and New rivers to where it empties into the Cumberland River
in McCreary County Kentucky (Figure 6. 1).

TQpojUaphy and Geolo�y
The Big South Fork area lies within the Cumberland Plateau, a subdivision of the
Appalachian Physiographic Province (Fenneman 1938: 337). The Cumberland Plateau is
a northeast to southwest trending landform rising more than 300 m above the Valley and
Ridge Province to the east and the Eastern Highland Rim to the west; it is a relatively
narrow landform varying from 6 1 to 88 km (Luther 1977).
The Cumberland Plateau is comprised of a highly resistant caprock of
Pennsylvanian-age sandstones and conglomerates. As a result of the thickness and
hardness of the caprock; stream downcuning is slow, and the area is considered to be
only submaturely dissected. Underlying Mississippian-age rocks which include limestone
and chert are rarely exposed (Figure 6.2). Nevertheless, streams have managed to cut a
network of deep, narrow gorges characterized by steep, precipitous cliff walls up to 100
m or more in height. The admixture of rocks of differential resistance in the gorges has
led to a variety of interesting formations. These areas abound with chimneys,
promontories, arches, ledges, precipices, rapids, and waterfalls; the land is rugged, and
in some instances, exotic. The gorge areas of the Big South Fork are a radical contrast to
the uplands which consist mainly of flat or gently rolling topography. The transition

99

.....
0
0

'Q-

I

(!·�

�71

ii:/J

� ·.:::

0

I

--

Z

5

Scale .;" Mtlea

4

I

5

----

..:L-.- z-

\

FIGURE 6. 1 . MAP OF THE BIG SOuTH FORK ARCHEOLOGICAL PROJECf AREA.
(From Ferguson et al. 1986:2)
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between gorge and upland s in the Big South Fork are ai s abrupt and the boundary
con stitute s an obviou s biotic ecotone (Figure 6.3).
Rockshelters. The rock shelter s of the Big South Fo rk are a occur as c ave -like

hollow s in cliff f ace s,primarily within the gorge s. Mc Farl an (1943: 120) attributed thei r
form ation to the effective we athering of l ocally we aker zone swithin the Penn sylvani an
age str at aof the Cumber land Pl ate au . Relev ant we athering pr oce sse smo st likely include
free ze -th aw ac tion, root wedging, and ero sion by solu tion . The se pr oce sse s m ay work
alone or in con sort to produce re sidu al p article sranging in si ze from a sand grain to a
large boulder . Once the form ation of arock shelter h as begun, enlargement p ro gresse s
sy ste matically such th at it seventual si ze i sre stricted only by the overall si ze of the cliff
f ace in which it i s ne sted . Rock shelte rsof the Big South Fork are ar ange from sm all
fi ssure s, c avernou s rece sse s. The large st r ock shelter encountered du ring the Big South
Fork Archeologic al Project su rvey w as 1 76m long, 37 m deep , and 22 m high.

Climate
The Big South Fork are ai s within the hu mid me sothermic clim atic regime and i s
typi fied by w arm, humid summer sand cold winter s. The average annu al pr ecipitation i s
122- 142 em with v ari able di stribu tion throughout the year . Winter and spring arethe
wette st se ason s; dry spell s l asting up to sever al week s are common for summer s (S afely
1 970). M icr ocl irnat ic var iat ion sh ave been noted for the Pl ate au asthe re sult of ed aphic
circum st ance s. Sh ank s and N orr is (1950) reported a 3° F difference in me an temper ature s
between north and south f acing slope sduring the autumn . Thi s gradient m ay be
somewh at gre ater in the winter. Since the prev ailing winter wind s are from the northwe st,
mo st r ock shelter son northern slope s will provide little protection for winter h abitation.
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Cumberland Plateau soils consist primarily of strongly acidic, sandy loams. Soils
are well or extremely well drained,

56- 1 19 em in depth. Profiles through the B horizon

may be slightly deeper on northern slopes with less clay and greater moisture (Safley

1970). Big South Fork rockshelter sediments were analyzed by Morris (1 986) who
identified three major modes of deposition:

1. Deposition of clastic particles weathered from the surrounding sandstone.
2. Aeolian deposition of silt and clay sized particles.
3. Colluvial and alluvial deposition of clay, silt, and sand from upland slopes.
Rockshelter sediments were characterized as moderately acidic with organic material
restricted to the top few centimeters of the deposits.

The Big South Fork area is within Braun's

(1950) Mixed Mesophytic Forest

Region. This is the oldest and most complex of the deciduous forest types in North
America. Within the Cumberland Plateau, the Mixed Mesophytic Forest is comprised of a
number of distinct units which may resemble climax communities in other parts of the
Eastern Deciduous Forest Formation. These "association segregates" generally reflect the
diversity of moisture regimes, soils, substrate, light intensity, exposure, and slope
(Braun

1950). In the Big South Fork area, Safley (1970) distinguished 22 discrete forest

types (Table 6. 1). To summarize, the general association pattern appears to be one in
which hemlocks dominate in protected coves, pines dominate in shallow soils, and white
oaks dominate in all other situations.
The diversity of the Mixed Mesophytic Forest is reflected in the wide variety of
fauna present in the Big South Fork area. C.O.E.
species of mammals,

( 1 976) identified as residents 56

250 species of birds, 62 species of fish, and 82 species of reptiles

and amphibians. In a study of the biotic environments of the nearby area of the Little
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TABLE 6. 1 . FOREST ASSOCIATIONS IN THE GORGES OF THE BIG SOUTH FORK.
(Compiled from Safley 1970)

Location

North Aspect

Sout h Aspect

Terraces

Lower

River Birch

Upper

Tulip Poplar-Sweet Gum

Foot Slopes

Lower

Ceder

Upper

White Oak-Chinquapin Oak

. Main Slopes

Lower

Tulip Poplar-Hemlock

White Oak-Beech

Middle Draw

White Oak-Virginia Pine

White Oak-Hemlock-Chestnut Oak

Middle Ridge
(thin soil)

Red-White-Chestnut Oaks

White-Chestnut Oaks

Middle Ridge
(deep soil)

White Oak-Virginia Pine

White-Chestnut Oaks

Upper Ridge

White Oak-Virginia Pine

Virginia-White Pines

Upper Draw

Shortleaf Pine-White Oak

White Oak-Hemlock-Chinquapin

Crest

Virginia Pine-White Oak

Virginia Pine-White Oak
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South Fork drainage, Millican et al. (1981) identified terrestrial fauna with five general
undisturbed habitat types. These associations are summarized in Table 6.2. While the cliff
areas of the Little South Fork are more often limestone than sandstone, they are similar to
the cliffs of the Big South Fork in abundance, size, and microhabitats, which include
numerous rockshelters. This type of environment, while restricting the diversity of egg
laying reptiles and amphibians, nevertheless provides favorable situations for denning
types of animals.

The Bi� South Fork Archeolo�ical PrQject
The Big South Fork Archeological Project (BSFAP) was an archeological
reconnaissance conducted in a 123,000 acre tract of land designated for the construction
of a National Recreation Area by the United States Army Corps of Engineers. The field
investigations, carried out between 1981 and 1983 were contracted to the University of
Tennessee Department of Anthropology through the mandates of the National Historic
Preservation Act of 1966, Executive Order 1 1 593, and The Archeological and Historical
Preservation Act of 1974. In addition to cultural resource management concerns, the
BSFAP investigations were designed with the intent of explicating man-land relationships
for this relatively large area:
The main objective of this proposed research is to prcx:luce a data base that will
permit behavioral inferences to be drawn which, in turn can serve as constructs
for settlement systems models (Ferguson and Pace 198 1 :8).
In light of these goals, investigations included two phases:

1 . A reconnaissance survey focusing on direct impact areas where construction
was proposed, as well as areas where indirect impact appeared imminent.

2. Exploratory test excavations at select sites discovered during the
reconnaissance survey.
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TABLE 6.2. TERREsTRIAL FAUNA AND ASSOCIA'IED HABITATS OF TilE LIT'ILE SOUTH FORK RIVER AREA..

Habitats
Animal Classes

Riverbanks

Alluvial Woods

Slope Forest

Cli ffs

Bl uff and Ridge

Amphibians

leopard frog
pickerel frog
bull frog
cricket frog
2-line salamander
dusky salamander

American toad
Fowler's toad
spring peeper
gray tree frog
zig zag salamander
redspotted newt eft

marbled salamander
slimy salamander
American toad
red-spotted newt eft
upland chorus frog

cave salamander
mountain salamander

Fowler's toad
slimy salamander
red-spotted newt eft
ravine salamander
American toad
mLchorus frog

fence lizard

copperhead

fence lizard
copperhead
timber rattlesnake

box tmtle
fence lizard
5-lined skink
broad-headed skink
northern coal skink
glass lizard
all other snakes

great homed owl
coopers hawk
wood pewee
tufted tinnouse
chickadee
warbler
red-eyed vireo
downy woodpecker
ovenbird
American redstart

ruffed grouse
eastern phoebe
roughwing swallow
Carolina wren
red-tailed hawk
sparrow hawk
turkey vulture

common flicker
red-head woodpecker
Carolina chickadee
white-breast nuthatch
scarlet tanager
summer tanager

c; Reptil es
.......

B irds

northern water snake black racer
spiny softshell
hognosed snake
ground skink
black ratsnake

green heron
killdeer
northern water thrush
kingftsher
seasonal waterfowl

yellow-billed cuckoo
red-bellied woodpecker
acadian flycatcher
whip-poor-will
green heron
American woodck.

worm snake
box tmtle

TABLE 6.2 CONI1NUED

AnimalClasses Riverbanks
Mammals

raccon
o
weasel
mink

opossum
muskrat
...a.

0
m

Habitats
Alluvial Woods

raccon
o

Slope Forest

gray squirrel
flying squirrel
mink
chipmunk
opossum
gray fox
muskrat
white-footed mouse
eastern mole
striped skunk
southeastern pipistrelle raccoon
red bat
opossum
smokey shrew
short-tailed shrew
hairy-tailed mole
weasel

Cli ffs

Bluff and Ridge

bats

gray squirrel
cottontail
white-tailed deer
gray fox
chipmunk
white-footed mouse
meadow mouse

cottontail

groundhog
chipmunk
white-footed mouse
woodrat
bobcat
red fox
gray fox
long-tailed weasel
spotted skunk

The BSFAP Reconnaissance Survey ofRockshelters
It was evident from the earliest planning stages of the BSFAP that the local
sandstone rockshelters would provide likely locations for prehistoric sites. Earlier
surveys in the area had established that numerous rockshelters were utilized by prehistoric
people for a wide range of activities and in some instances, for relatively long periods of
time (Wilson and Finch 1980; Coastal Zones 1 979). Consequently, a substantial portion
of the BSFAP reconnaissance survey involved visitation to all potentially habitable
rockshelters. To accommodate the aforementioned interests in man-land relationships, the
survey planners acknowledged that rockshelter attributes comprised a variety of physical
parameters which could perhaps be associated with various utilizations by humans. Thus,
while the principal aim of the reconnaissance survey was the assessment of prehistoric
cultural utilization of rockshelters, field crews also gathered a compendium of information
on specific rockshelter attributes.
Data Collection
Information on rockshelter attributes was collected by teams of two to four
pedestrian surveyors. Coverage included 100% of all ravines and gorges within the direct
and indirect impact areas of the proposed national river and recreation area boundaries.
Additionally, several upland rockshelters were recorded. Potentially habitable
rockshelters were arbitrarily defmed as those comprising greater than one cubic meter
volume within the dripline. In order to optimize the efficiency of the survey, much of the
reconnaissance was conducted during the spring when deciduous leaves and perennial
understory were not yet fully developed. Field equipment included a 100 meter measuring
tape, Brunton compass, and a steel probe or soil auger. The following categories of
information were gathered both during the reconnaissance survey and in the field lab:
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Rockshelter size. Length and depth of rockshelters were measured by tape; height
of the ceiling was generally estimated. Plan and profile maps were sketched at each site.
Subsequently, the floor area for each rockshelter was calculated directly from the plan
maps.

Se<liment depth . Rockshelters were probed in various locations to determine the
thickness of the strata above bedrock. The survey planners surmised that sediment depth
might be correlated with preservation of cultural materials and the potential for temporal
and spatial studies.
�· Long axis and short axis slope refers to the inclination of the floor both
perpendicular and parallel to the long axis of the rockshelter. In addition, the slope of the
immediate landform was calculated in the field as a defmed distance along an azimuth
exterior to the dripline, and perpendicular to the rockshelter's long axis.
As.pect. The direction in which the rockshelter faces was calculated by Brunton
compass as an azimuth, perpendicular to the long axis of the rockshelter.

Moisture. Much of the reconnaissance survey took place during the spring and
early summer of 1982, a year in which precipitation was substantially higher than normal.
Consequently, information gathered on moisture from rockshelters represents an extreme
in wetness; rockshelters may normally be somewhat drier, but rarely wetter. The
assessment of moisture was accomplished by estimating the percentage of the floor space
that was dry, damp, or wet. Dry was defmed as lack of visible moisture; wet was defined
by the presence of standing water; damp was defined as visible moisture but not total
saturation. As an example, a given shelter might have been evaluated as 80%
wet, and 10% damp.
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dry,

10%

Distance to water. The best assessment of a rockshelter's proximity to permanent
water was via calculations from site plots on topographic maps. This distance was
calculated as the square root of the horizontal distance2 + the vertical distance2 (an
application of the Pythagorean Theorem).
Elevation . This was, likewise, calculated from site plots on topographic maps.

Cultural utilization . The assessment of cultural utilization of rockshelters was

based on whether prehistoric materials were discovered during the reconnaissance
survey. During the survey, the surface of each rockshelter was carefully inspected for the
presence of cultural materials; in lieu of ariy obtrusive artifacts, a small sondage
(approximately 20 X 20 em and up to 10 em deep) was excavated at the surveyor's
discretion, usually in the most hospitable looking area of the site. This procedure was,
admittedly, inconclusive with respect to labeling specific sites as noncultural; the survey
planners assumed, however, that with a large number of rockshelters, the determinations
between cultural and noncultural would be relatively accurate from a statistical
perspective. All cultural materials as well as all faunal materials visible on the surface of
rockshelters were collected by the surveyors.
The BSFAP Rockshelter Excavations

The limited time frame of the project precluded the excavation of deep test units in
all of the cultural rockshelters. Additionally (and unfortunately from a taphonomic
perspective), no excavations were conducted in noncultural rockshelters. The selection of
rockshelter sites for test excavations was coordinated with the general project goals of
explicating man-land relationships. Consequently, 32 rockshelter sites were selected for
test excavations on the basis of their variability of attributes. In other words, sites were
selected to sample a range of rockshelter attributes. The idea was to control the
environmental parameters and then analyze how cultural remains varied relative to them.

Test units. Excavations consisted of 1 x 1 m or 1 x 2 m units located in an area of

a given rockshelter that was judged to have:
1 . Maximum sediment depth.

2. Minimum disturbance from relic hunters.
3. Minimum obstructions such as rocks.
4. Maximum potential for habitability.

Units were excavated, primarily with shovels and trowels, in 1 0 em arbitrary levels.
Flotation samples consisting of approximately 10 liters of matrix from each level were
collected but are not dealt with in this study. All other matrix was dry-screened using .32
em (1/8 in) wire mesh. All units were excavated down to bedrock.
Summaryofthe BSFAP Rocksbelter InyestiJ::ations

The results of archeological reconnaissance and testing of rockshelters by the
BSFAP are more fully reported in Ferguson et al. (1986). To summarize, rockshelters
were the most numerous and conspicuous type of prehistoric site discovered in the Big
South Fork area. Among the 2080 rockshelters surveyed by the BSFAP, 154 (7.4%)
were found to contain some class of prehistoric artifacts. While utilizing a wide range of
rockshelter types, the prehistoric people of the Big South Fork appear to have been
somewhat selective with respect to certain site characteristics. Most culturally utilized
rockshelters had relatively flat, dry floor areas greater than 1 3 m2. A clear preference was
shown for sites offering maximum exposure to winter sunlight and minimum exposure to
wind (i.e., south and east facing sites).
In most cases, artifactual materials were concentrated in the upper 30-40 em of the
rockshelter matrix. Materials consisted primarily of lithic artifacts, with varying quantities
of ceramic, faunal, and botanical remains in certain sites. Diagnostic artifacts indicated the
utilization of rockshelters from the Paleo-Indian through Mississippian times. Floral and
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faunal remains demonstrated that some rockshelters may have been occupied at any
season of the year. Additional analyses were, however, recommended for more detail
elaboration on lifeways and culture history of the prehistoric people of the Big South
Fork area. Since the area was found to have numerous sites in both upland and terrace
locations, it may eventually be demonstrated that rockshelter utilization was a part of a
larger organizational system adapted to opportunistic exploitation of a spatially and
seasonally variable environment.
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CHAPTER VII
ZOOARCHEOLOGY AND TAPHONOMY OF ROCKSHELTER ASSEMBLAGES
OF THE BIG SOUTH FORK RIVER AREA
Among the 2080 rockshelters recorded on the BSFAP reconnaissance survey, 83
were found to contain vertebrate faunal materials. Among the 3 1 sites in which deep tests
were conducted, 2 1 yielded additional faunal remains. Since nine of these 21 sites were
not found to contain faunal material from the reconnaissance survey alone, a total of 92
rockshelters had associated vertebrate faunal assemblages. Invertebrate remains, primarily
from mussels and snails were occasionally present in rockshelters, but were not
considered for analysis here. Thus, the following analyses are based entirely on osseus
materials from 92 rockshelters of the Big South Fork River Area.
Methods

The identifications of all faunal materials from both the BSFAP reconnaissance
survey and excavations were accomplished with the aid of comparative collections from
the University of Tennessee Department of Anthropology faunal lab. Bones were
regarded as identifiable to a genus or species if their identity as skeletal elements was
evident . Nevertheless, all materials were assigned to some taxonomic category, albeit
general (e.g., large ma.ffimal, small mamm al, bird, fish, reptile). All specimens were
noted for evidence of burning, animal gnawing marks, and possible human modifications
(namely, butchering marks and spiral fractures). Identified anatomical elements were
noted for laterality. Fragmented specimens were recorded as to anatomical portion and an
estimate was given of the nearest 25% of the original unbroken element that was present.
This is the same system used to record fragmented mouse elements in the raptor pellet
study in Chapter 4. As previously stated, the system allows for a refined calculation of
MNI following White's ( 1953b) method. In this case, MNis are comprised of the sum of
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nonredundant fractional portions of elements rather than whole portions of elements. For
instance, if a given species was identified by two 50% left distal humeri and one 75% left
proximal humerus, the MNI would be calculated at three rather than two. In the following
analyses of faunal materials, both MNI and NISP are shown, although, many of the
quantitative procedures relied principally on the latter. As techniques for quantifying
faunal assemblages, MNI and NISP each have inherent advantages and disadvantages;
however, researchers have repeatedly demonstrated a strong enough linear relationship
between the two that they may be regarded as virtually interchangeable in the assessment
of relative taxonomic abundance (Grayson 1984:92). The reliance on NISP in the case the
of Big South Fork rockshelters relates primarily to facilitating statistical techniques in
instances where only small sample sizes were available.
The following discussions of Big South Fork rockshelter fauna are divided into
two sections. First, reconnaissance survey data are examined to establish the conditions
for bone preservation in rockshelters and to broadly identify potential taphonomic agents.
Second, fauna from the test units are examined to further explore patterns associated with
taphonomic agents and possible archeological implications. Since many of the test unit
assemblages were in a poor state of preservation and yielded relatively low numbers of
identified specimens, this section will primarily focus on three sites from which relatively
substantial samples were recovered.
RockshelterFayna from the BSFAP Reconnaissance Smyey

The P,esence of Animal Bones in RocksheJters
As previously stated, a substantial percentage of the rockshelters with faunal
material surveyed during the reconnaissance phase of the BSFAP were not directly
associated with prehistoric cultural material. However, from the reconnaissance survey,

45 of the 1 54 prehistoric cultural sites (29.2%) were found to contain faunal material. In
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contrast, only 38 of the 1926 noncultural sites (2%) yielded faunal remains. This
demonstrates that prehistoric rockshelter sites contain animal bones more often than
noncultural sites. However, these figures are based solely on data from the
reconnaissance survey. Among the 3 1 rockshelters in which deep tests were conducted,

2 1 or about 68% yielded animal bones. I suspect that the actual percentage of bones in the
1 54 prehistoric rockshelters is closer to this figure than the reconnaissance survey
percentage, which was based primarily on surface collections. Deep tests were conducted
only in cultural rockshelters; thus, the actual percentage of noncultural sites which contain
bone assemblages might be higher if subsurface remains are taken into account. The issue
of the presence or absence of bone in rockshelter sites is complex and may correlate with
rockshelter parameters aside from direct animal or human associations. As earlier
discussed, during the reconnaissance survey, a variety of information was collected on
the physical properties of the rockshelters. The morass of data generated as a result of the
relatively large number of surveyed rockshelters necessitated computer encoding in order
to facilitate even simple quantitative analyses. At the time of this writing, only about one
half of the survey data is accessible by computer. The majority of this is from a single
development area, Blue Heron, in the northernmost portion of the National Recreation
Area (Figure 6. 1 , pp. 1 00). Thus, the subject of the following analyses on the presence
of bone in rockshelters will focus primarily on the 958 surveyed sites from Blue Heron.
Rockshelter Parameter Means
Tables 7.1 - 7.3 show mean calculations for various groupings of 1 5 rockshelter
parameters recorded during the BSFAP reconnaissance survey. A careful examination of
these tables suggests that several parameters may vary considerably with the presence or
absence of bone. For example, a visual comparison between Tables 7.2 and 7.3 suggest
that rockshelters with bone are larger, flatter, dryer, have greater sediment depth, and are
somewhat farther from permanent water than rockshelters without bone. However, these
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TABLE 7. 1 . MEANS FOR 1 6 ROCKSHEL1ER PARAME1ERS : BLUE HERON, ALL SI1ES.

MEAN

MIN- MAX VALUE

PARAMETER

N

Length

956

1 5 .7

Width

952

4.7

1 .0 - 46.5

4.1

Mean Height

926

2.5

.5 - 40

2.9

Area

91 1

68.4

Long Axis

92 1

5.2

0 - 35

4.8

Short Axis

918

4.8

0 - 60

6.2

Front Slope

9 14

22.7

0 - 99

14.8

Sediment Depth

884

4.8

0-9

2.5

Dryness

896

5.0

0 - 10

4. 1

Dampness

895

3.9

0 - 10

3.8

Wetness

896

1.1

0 - 10

2.4

Elevation

958

1098

770 - 1 295

99.2

Distance H2 0

957

84 1

25 - 1939

Slope data is in degrees
Elevation is given in feet
See text, (pp. 1 1 0) for explanation of moisture data
Sediment depth is given in decimeters
All other measurements are given in meters
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2.0 - 1 10

2.0 - 1 850

a

12.9

149.2

403

TABLE 7.2. MEANS FOR 1 6 ROCKSHELTER PARAMETERS: BLUE HERON,
NON-BONE SITES.

MIN- MAX VALUE

PARAMETER

N

Length

925

1 5.2

Width

92 1

4.6

1 .0 - 46.5

3.9

Mean Height

895

2.4

.5 - 40

2.9

Area

880

64.0

2.0 - 1 850

Long Axis

890

5.3

0 - 35

4.9

Short Axis

888

4.8

0 - 60

6.2

Front Slope

883

22.8

0 - 99

1 5.0

Sediment Depth

854

4.8

0-9

2.5

Dryness

865

4.9

0 - 10

4. 1

Dampness

864

4.0

0 - 10

3.8

Wetness

865

1.1

0 - 10

2.4

Elevation

927

1 097

770 - 1295

99.5

Distance H20

926

837

25 - 1 939

MEAN

Slope data is in degrees
Elevation is given in feet
See text, (pp. 1 1 0) for explanation of moisture data
Sediment depth is given in decimeters
All other measurements are given in meters
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2.0 - 1 10

(J

1 2.4

1 42.9

401

TABLE 7.3. MEANS FOR 1 6 ROCKSHELTER PARAMETERS: BLUE HERON,
BONE SITES.

PARAMETER

N

MEAN

Length

31

28.4

Width

31

Mean Height

MIN-

MAX VALUE

(J

6.0 - 85

18.6

8.7

1.5 - 31.5

7. 1

31

4.2

1 .0 - 1 3

3.2

Area

31

193.7

Long Axis

31

4.3

0-9

2.9

. Short Axis

30

3.7

0 - 17

4.9

Front Slope

31

20. 1

3.0 - 35

6. 1

Sediment Depth

30 .

6. 1

2.0 - 9

2.4

Dryness

31

5.9

0 - 10

-3. 1

Dampness

31

3.2

0 - 10

3.2

Wetness

31

0.9

0-6

1 .5

Elevation

31

1 1 10

885 - 1 245

Distance H2 0

31

969

1 62 - 1 8 10

Slope data is in degrees
Elevation is given in feet
See text, (pp. 1 1 0) for explanation of moisture data
Sediment depth is givC?n in decimeters
All other measurements are given in meters
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10.0 - 1 050

245.3

90.0
440

are all factors which may be seen

as

advantageous to human exploitation (Ferguson et al.

1983); since prehistoric rockshelters so frequently contain faunal materials, a vital
question is whether rockshelter parameters are directly responsible for controlling the
presence of bone, or simply exploitation by humans which in turn produce the bone
assemblages. The question is of taphonomic interest given the hypothesis that humans
and animals might have different preferences or requirements for rockshelters that they
will utilize. In other words, natural and cultural faunal assemblages may be separable on
the basis of the attributes of the rockshelters in which they are incorporated. To address
this question, data from the Blue Heron rockshelters were subjected to a multivariate
analysis of variance

(ANOVA) to determine whether the means of select attributes were

significantly different between bone sites and nonbone sites
sites and noncultural sites.

as

well as between culttiral

A complex ANOVA model incorporating two independent

variables, bone sites and prehistoric sites was employed to evaluate whether the
presence of bone might be attributable to specific rockshelter attributes rather than cultural
utilization, which was also associated specific rockshelter attributes. In addition, this
model allowed for an evaluation of the significance of the interaction between bone sites
and prehistoric sites on the differences between the means of rockshelter attributes.
This analysis employed SAS (Statistical Analysis Systems) general linear models
procedures described in the SAS user's guide (SAS Institute 1986). For the sake of
simplicity and to avoid informational redundancy, only a few of the key rockshelter
p arameters (dependent variables) were examined. These included area (probably the best
single measure of site size); long and short axis slope (measuring the flatness of the
floor); slope below the rockshelter (an index of the difficulty of accessibility to the
site); sediment depth (relating to the potential for burial and preservation); dryness,
dampness, wetness (relating to both habitability and the potential for bone
preservation); distance to permanent water (involving logistical considerations); and
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elevation (a reference to the proximity to uplands and/or bottom lands). Since the SAS
General Linear Model Procedure considers the variability accounted for by the
independent variables in a sequential manner, the ANOVA was run twice, first with bone
sites modeled before prehistoric sites and second, with the order reversed.
Examination of Table 7.4 reveals that at the 95% confidence level two variables,
rockshelter size and sediment depth, are significantly correlated with the presence of
bone. Interestingly, the degree of moisture, often thought of as integral to bone
preservation (Chaplin 197 1 ), was not found to be significantly correlated with the
presence of bone in rockshelters. Once the variability relating to the presence of bone is
accounted for, three variables, rockshelter size, sediment depth, and dampness are
correlated at the 95% confidence level with the presence of prehistoric material. None of
the variables were found to be significantly correlated with the interaction of bone and
prehistoric material.
The relationship between rockshelter parameters and the presence of bone is
further refined when the presence of prehistoric material is considered frrst in the ANOVA
model. Table 7.5 shows significant correlations between the presence of prehistoric
material and four variables: rockshelter size, the slope in front, sediment depth, and
dampness. Once the variability relating to the presence of prehistoric material is accounted
for, none of the variables can be correlated at the 95% confidence level with the presence
of bone.
Through careful consideration of both ANOVA model results, several conclusions
relevant to the taphonomy of Big South Fork rockshelters may be given. The physical
characteristics of rockshelters are probably related to the presence of bone only insofar as
they are related to cultural utilization, which is highly correlated with bone. In other
words, prehistoric people tended to exploit a relatively limited range of rockshelter types;
the presence of bone is correlated with these rockshelter types because it is correlated with
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TABLE 7 .4. RESULTS OF ANALYSIS OF VARIANCE ON NINE ROCKSHELTER
PARAMETERS WITH THE INDEPENDENT VARIABLE, "BONE" MODELED
FIRST.

Dependent Variables

F-Value
Bone (PR>F)

F-Value
Prehist. (PR>F)

F-Value
Bone*Prehist. (PR>F)

24.05 ( * )

3 1 .90 ( * )

3.59 (.06)

Long Axis Slope

1 .28 (.26)

.43 (.5 1 )

.06 (. 8 1 )

S hort Axis Slope

1 .04 (.3 1 )

.60 (.44)

.46 (.50)

S lope i n Front

1 .04 (.3 1 )

3. 1 2 (.08)

. 1 4 (.7 1 )

Sediment Depth

7.59 ( * )

5.49 ( * )

Dryness

1 . 59 (.2 1 )

1 . 88 (. 1 7)

.45 (.50)

Dampness

1 .2 1 (.27)

5.08 ( * )

.22 (.64)

Wetness

. 1 5 (.69)

1 . 54 (.22)

. 1 8 (.67)

Distance to Water

3 .23 (.07)

Site Area

(PR>F) = significance probability
( * ) = significant value, � .05
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.46 (.50)

1 .77 ( * )

. 1 6 (.69)

TABLE 7 .5. RESULTS OF ANALYSIS OF VARIANCE ON NINE ROCKSHELTER
PARAMETERS WITH THE INDEPENDENT VARIABLE, "PREHISTORIC"
MODELED FIRST.

Dependent Variables

F-Value
Prehist. (PR>F)

F-Value
Bone (PR>F)

F-Value
Bone*Prehist. (PR>F)

53.21 ( * )

2.8 1 (.09)

3.59 (.06)

Long Axis Slope

1 23 ( 27)

.48 ( 49)

.06 (.8 1 )

Short Axis Slope

1 .37 (.24)

.27 (.60)

.46 (.50)

Slope in Front

4. 1 5 ( * )

.0 1 ( . 94)

. 1 4 (.7 1)

S ediment Depth

1 1 .39 ( * )

1 .69 ( 1 9)

1 .77 (. 1 8)

Dryness

3.26 (.07)

.21 (.64)

.45 (.50)

Dampness

6.28 ( * )

Site Area

Wetness
Distance to Water

.

.

.

.

0 1 ( .92)

.22 (.64)

. 82 (. 37)

.87 (.35)

. 1 8 (.67)

2.08 (. 1 5)

1 .61 (.2 1 )

. 1 6 (. 69)

(PR>F) = significance probability
( * ) = significant value, less than .05
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the presence of people. Thus, it follows that there is a variable relationship between the
physical character of rockshelters and the presence of bone. Since the Blue Heron sample
was found to have a more limited range of rockshelter types utilized by prehistoric
people, implications for the separation of natural and cultural bone assemblages may be
tentatively put forth. Bones occur in a variety of rockshelter types, but for different
reasons. Rockshelters utilized by humans will generally fall within certain limits of size,
slope in front, sediment depth, and dampness. Why this is the case is not the issue here.
What is important is that rockshelters not within the limits of these attributes (say, within
two standard deviations from the mean, to apply a 95% confidence level), were probably
not culturally utilized; consequently, bones associated with these sites were probably
deposited by way of natural rather than human agents. Obviously, the opposite statement
is not necessarily valid. Animals may use the same types of sites as humans; therefore,
bones found in cultural type rockshelters are not necessarily the exclusive product of
human agents.
Identified Fauna From The BSFAP Reconnaissance Survey
Table 7.6 lists identified fauna collected from 83 rockshelters during the BSFAP
reconnaissance survey. Among the 728 specimens recovered, 2 1 4 were identified to the
genus or species level; the remaining 5 14 were pigeonholed into a class level
identification, the majority being large mammal. A total of 1 7 genera/species were
identified in the sample; more than one-half of these specimens were identified as white
tailed deer. Thus, in all probability the majority of the large mammal remains were from
deer. The white-tailed deer was also the most widely distributed taxa, present in nearly
•

40% of the faunal sites found during the survey. In the following section, some general
descriptions are given on various characteristics of this faunal sample, including possible
evidences of cultural and natural modifications and taxonomic diversity. The focus of
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Table 7.6 Identified Bone Specimens from 83 Rockshelters, BSFAP Reconnaissance Survey.
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these obseiVations is to draw comparisons between the samples in cultural versus
noncultural rockshelters, with the eventual goal of evaluating specific patterns as potential
taphonomic indicators.

Natural and Cultural Modifications
Table 7.7 shows a tabulation of four simple types of modifications noted among
bones from the BSFAP reconnaissance survey. Fragmentation is denoted by the relative
number of whole to fragmented elements; burning refers to the identification of both
charred and calcined bone; carnivore gnawing was identified by characteristics discussed
in Chapter 2, adapted from Binford ( 1 98 1 :44-49); and woodrat gnawing was identified
from the presence of the characteristic parallel incisions (discussed later in this chapter).
Also shown in Table 7.7 are Chi-square scores testing the hypothesis that pres�nce or
.

.

absence of these modifications is not significantly correlated with cultural or noncultural
rockshelters. Since a calculation of 3.84 or more is necessary to reject this hypothesis at
the 95% confidence level, data from Table 7.7 suggest that all forms of modification
except for woodrat gnawing are significantly correlated with either the presence or
absence of cultural material. From a careful examination of Table 7.7 and consideration of
the Chi-square scores, several taphonomic generalizations are evident:

1 . Whole, unbroken elements are more likely to be associated with noncultural
rather than cultural sites. Assuming, for the most part, bones in noncultural sites
. were deposited by natural processes, this observation is in accordance with
.

.

Thomas's (197 1) assumption that natural assemblages are analogous to "proximal
communities" (Shotwell, 1955) and are, therefore, expected to have a lesser
degree of fragmentation than in culturally produced assemblages.

2. Assemblages in cultural sites are far more likely to contain burned elements
than in noncultural sites. This is a confirmation of taphonomic criteria employed
by McGuire ( 1980), Gustavson ( 1 972), Brieur ( 1977), and B alme (1 980),
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TABLE 7. 7. TABULATION OF BONE SPECIMENS WITH FOUR CATEGORIES OF
MODIFICATION, BSFAP RECONNAISSANCE SURVEY.

Modification

Cultural Sites

(% oftotal)

Noncultural Sites

(% oftotaD

Chi-Square

Whole
Fragmented

64 ( 1 0.4)
552 (89.6)

45 (40.5)
66 (59.5)

66.92

Burned
Unburned

264 (42.9)
352 (57. 1 )

24 (2 1 .6)
87 (78.4)

19. 1 2

Carnivore gnawed
Non-gnawed

6 ( 1 .0)
610 (99)

10 (9.0)
1 0 1 (9 1 .0)

28.25

Woodrat gnawed
Non-gnawed

96 (15.6)
520 (84.4)

25 (22.5)
86 (77.5)

3 . 28
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namely that percentages of burned elements may assist in the separation of
cultural from noncultural assemblages. However, since burned bone may be
present in noncultural assemblages, burning alone is not a justification for labeling
an assemblage as cultural.

3. While the overall incidence of nonspecific carnivore gnawing was low among
the survey materials, the representation was much greater in noncultural rather
than cultural sites. Once again, however, the occurrence of gnawed materials in
cultural sites precludes a simplistic use of the criteria for the separation of cultural
and noncultural assemblages.

4. Since woodrat gnawed bones are equally likely to occur in cultural as
noncultural assemblages, it is assumed that the animals are more generalized in
their utilization of rockshelters than humans. In other words, woodrats may reside
in any type of rockshelter, regardless of the the presence of humans. In Chapter

3, woodrats were shown to be potentially incisive taphonomic factors in
rockshelter faunal assemblages. It may now be inferred that their. disruptive
effects are equally likely to be fe�t among cultural as noncultural assemblages in
rockshelter sites.

Diversity of Taxa
In Chapter 2, diversity as measured by richness (number of taxa) and evenness
(frequency distribution over the taxa) was considered as a means for evaluating the
variable degree of selectiveness of animals or humans in their exploitation of the natural
environment. It was suggested that the greater the diversity of taxa in an assemblage, the
greater the potential complexity of the taphonomic overprint. In order to assess the
relative degree of diversity of taxa among the B SFAP survey faunal sample, the data from
83 rockshelters were subjected to Kintigh's ( 1984) computer generated assemblage
simulation and diversity analysis, previously described in Chapter 4. As Figure 7.1
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0
C\J

0
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illustrates, the overall survey sample is richest in deer and unidentified large mammals,
most of which are probably deer. An evenness index of .4361 for the overall sample
distribution indicates considerable variability among the taxa in the 83 site samples. As
Figure 7.2 illustrates, when the richness of taxa is compared for each rockshelter
assemblage to a 95% confidence interval of expected richness, seven sites are
significantly divergent, all with fewer than expected taxonomic categories. Interestingly,
all seven represent samples from cultural rockshelters. When evenness of distribution of
taxa for each rockshelter sample is compared to a 95% confidence interval of expected
evenness, seven sites are significantly divergent (Figure 7 .3). Once again, all are below
the expected degree of diversity; all are from cultural rockshelters. A total of six sites, all
cultural, had both fewer than expected numbers of taxa as well as less than expected
evenness among the taxa.
It is difficult to advance any far-reaching generalizations about patterns in
taxonomic diversity for rockshelter faunal assemblages from the above analyses alone.
Many of the site samples were very small, comprising only one or two specimens.
Nevertheless, all assemblages having less than the expected degree of richness and
evenness were from cultural rockshelters. Interestingly, all but one of these sites might be
classified as intensive or long-term cultural occupations on the basis of the amount of
material recovered and the presence of pottery (Ferguson et al. 1 986: 1 08- 130). In other
words, most of these sites were classified as cultural not merely from the presence of one
or two scattered flakes. The fact that nearly all of these faunal assemblages were
comprised heavily of deer and large mammal bones associated with relatively substantial
artifact assemblages suggests that humans were the primary agents of deposition. Thus,
the hypothesis that humans contributing to the Big South Fork rockshelter faunal
assemblages were more likely to selectively sample their environment than the animals
that produced assemblages is at least partially supported by the diversity data.
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200

Rockshelter Fauna from the BSFAP De«P Test Excavations
The foregoing analyses attempted to characterize differences in faunal assemblage
patterns between sites that were probably naturally produced, and sites that were either
culturally produced or the mixed product of both natural and cultural agents. Since all
rockshelter excavations by the BSFAP were confmed to cultural sites, the focus of
analyses in this section is to distinguish natural taphonomic factors amid mixed
assemblages--a very critical problem for zooarcheologists. Here, several analytical
approaches for evaluating the taphonomic overprint will focus on the various properties
of bone assemblages including skeletal representation, breakage patterns, burning,
butchering marks, gnawing marks, and taxonomic composition and diversity. The initial
. analyses involve the data from the full sample of 2 1 excavated sites with faurial material.
However, since many of these sites contained only a few poorly preserved fragments of
bone, the main portion of the analyses focus on three specific rockshelters, �GB 44
(Rugby Rockshelter); ROB 82 (the Mule Bam site); and BRT 1 10. These sites were
singled out for special attention since they yielded relatively large, well preserved faunal
assemblages. In addition, the initial examination of these assemblages suggested that they
.

.

might have involved a variety of taphonomic considerations of far-reaching interest for
the zooarcheological study of Cumberland Plateau rockshelters.

Faunal Remains from 2 1 Sites Excavated by the BSFAP
·

Tables 7.8 and 7.9 list identified fauna collected from 2 1 rockshelters excavated

by the BSFAP. Among the 6555 specimens recovered, 720 were identified to a family,
genus, or species level. As with the survey data, the remainder were pigeonholed into
class level identifications, the majority being large mammal. A total of 4 1 families/
genera/species were identified in the sample. A substantial number of these specimens
were from white-tailed deer. Thus, in all probability, the majority of the large mammal
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Table 7.8 Identified Mammal Bone Specimens from 21 Roc.kshelters. BSFAP Test Excavations.
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remains were also from deer. Clearly, the greatest contrast between the survey samples
and the excavation samples is in the quantity and proportion of smaller taxa. The
excavation samples included a total of 28 taxa that were not present in the survey samples;
the majority of these were small animals. This probably reflects collection biases or
preservation differences between surface and subsurface faunal remains in rockshelters.
The following section includes an analysis of the taxonomic diversity of the excavated
faunal assemblages from 21 cultural rockshelters. The focus of this analysis will be to
draw comparisons between samples from the various sites, with the eventual aim of
evaluating the taphonomic variability between cultural rockshelters.

Taxonomic Richness and Evenness Among Excavation Samples

In order to assess the relative degree of diversity of taxa among the BSFAP
excavated faunal sample, the data from 2 1 rockshelters were analyzed using Kintigh's

(1 984) computer generated assemblage simulation and diversity analysis (described in
Chapter 4). As Figure 7.4 illustrates, the overall sample is most abundant in deer and
unidentified large mammals, most of which are probably deer. An evenness index of

.2001 for the overall sample distribution indicates substantial variability in the presence of
taxa among the sites. As Figure 7.5 illustrates, when the richness of taxa is compared for
each rockshelter assemblage to a 95% confidence interval of expected richness, seven
sites are significantly divergent with two having a greater than expected number of
taxonomic categories, and five with fewer than expected categories. When evenness of
distribution of taxa for each rockshelter sample is compared to a 95% confidence interval
of expected evenness, nine sites are significantly divergent (Figure 7.6); six of these were
also divergent in terms of richness. Since most of the assemblages used to generate the
above analysis are relatively small it would be difficult to levy any conclusions about
rockshelter taphonomy without making a more detailed examination of the divergent
rockshelters. Thus, the issue of variable diversity between different assemblages will be
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further discussed in the following section in which data from several individual sites are
more carefully examined. However, since the above analyses suggested a variable degree
of taxonomic diversity between cultural rockshelter faunal assemblages, it may be
reasonably concluded that these assemblages may also be to a variable degree the product
of both natural and human agents.
Faunal Analyses Among 1bree Excavated Rockshelter Sites

The Mule Barn Site CRGB 82)
The Mule Barn site (Tennessee site number 40M096) lies at the base of a massive
sandstone bluff line known as Red Cliffs, approximately 100 m from the Clear Fork
River near Rugby, Tennessee (Figure 7. 7). It is a relatively large, deep, south-facing
rockshelter with a flat, open floor area bounded anteriorly by a 1 -2 m high protective talus
embankment. A small spring along the eastern edge of the site forms a permanent pool
just outside the dripline of the rockshelter (Figure 7.8). The name "Mule Barn" was
derived in reference to the site's reported use as a livestock pen during the nineteenth
century. In light of this rockshelter's large, uncluttered floor, proximity to permanent
water, southern exposure, anterior talus, and other protective qualities, the Mule B arn site
clearly presents a very hospitable habitation site by comparison with other rockshelters in
the Big South South Fork area.
The sedimentary matrix of the Mule Barn site consists of a fine sandy loam
approximately 60 em deep throughout the rockshelter. With considerably higher loam
content than is usual for Big South Fork rockshelters, the matrix is extremely dark,
highly organic in appearance, and abundantly flecked with charcoal, bone, mussel shell,
and chert debitage. At the time of the BSFAP excavation an undetermined portion of the
site had been disturbed by relic hunters and some modern refuse was scattered around the
area. Systematic probing with a soil auger, however, revealed a large undisturbed section
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in the central east portion of the rockshelter. There, a 1x 1 m test unit was excavated
approximately 60 em below the surface, down to bedrock. The sediments were
apparently unstratified except for the upper 5-10 em which was composed mainly of dry
animal dung, suggesting that the name Mule Barn was indeed appropriate. The
undifferentiated and highly organic nature of these deposits and relatively even density of
artifacts between strata suggests a homogeneous midden, perhaps a single period of
intensive occupation.
Lithic artifacts recovered from the test unit in the Mule Barn site include 85
cortical and 598 noncortical debitage flakes, 4 utilized flakes, 6 unifaces, 15 bifaces, and
6 projectile points. Ceramics included four undecorated limestone tempered pottery
sherds. The diagnostic artifacts depict a multicomponent site utilized from Early
Woodland through Mississippian times; however, the most intensive period of occupation
may have been somewhat more focal within the Woodland period. Interestingly, one of
the projectile points recovered from the unit was manufactured from limestone rather than
chert. Since chert does not conunonly crop out in the Big South Fork area, most lithic
material for tools was probably imported in prehistoric times from either the adjacent
Valley and Ridge or Highland Rim areas. The utilization of limestone for tools may allude
to a time of material shortages, perhaps a period of long-term occupation of the
rockshelter.
Faunal Remains at the Mule Barn Site
Bone materials from the Mule Barn site were extremely well preserved owing to
the dryness of the site and possibly the presence of mussel shells which may have
neutralized the acidity of the matrix. When first analyzed, the taphonomic implications of
this assemblage appeared to be uncomplicated (Hoffman 1986: 142):
The faunal materials of 40M096 showed no evidence of major disturbance,
contamination, or alteration by natural agents. For instance, there were no
burrower, scavenger, or predator remains in the sample. No rodent or carnivore
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markings were discernible on the bones. Whether in primary or secondary
depositional context, the faunal remains at 40M096 appear to be entirely of
cultural origin.
A subsequent and more careful re-examination of these materials for the purpose
of this study revealed few signs that conflict with the original taphonomic assessment. As
Table 7.10 indicates, the assemblage contained only one specimen with undisputed signs
of natural modification. This was a section of a deer rib with pitting marks that suggested
mastication by a small or medium sized carnivore. As Table 7.10 also indicates, the Mule
Barn assemblage contained an abundance of burned bone as well as numerous spiral
fractured long bone specimens. The identification of an "awl" in the Mule Barn
assemblage, a sharpened and highly polished long bone fragment, was the only evidence
from the BSFAP of the use of bone for tool manufacture. Six specimens in the sample
showed cut marks, clearly distinctive from anything produced by animal mastication.
These consisted of parallel striations on several mammal long bone fragments, a turkey
scapula, a posterior-distal deer tibia, and the posterior-proximal portion of a beaver tibia
(see Figure 7.9). Conspicuously absent from the Mule Barn assemblage were woodrat
bones or any sign of woodrat gnawing �arks. Unlike many of the sites in the Big South
Fork area, the Mule Barn rockshelter has, as mentioned, an open floor area uncluttered by
boulders, rockfall, logs, or other natural debris. Perhaps the lack of ground cover makes
this site unsuitable for woodrat habitation, thus eliminating at least one potentially incisive
taphonomic agent from consideration. However, the absence of woodrats might also
mean the absence of the complex microenvironmental situations commonly associated
with their nests (viz., small predators, scavengers, and secondary nesting animals; see
Chapter 3 for further discussion). Additionally, the absence of ground cover at the Mule
Barn site might be a limiting factor in utilization by any predatory or scavenging
mammals.
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TABLE 7 . 1 0. FAUNAL SPECIMENS AND IDENTIFIED MODIFICATIONS, MULE BARN
SI1E TEsT EXCAVATION.

Taxa

Deer

NISP

MNI

2
1
1
1
1

Squirrel
Rabbit
Porcupine
Beaver
Large Mammal
Small Mammal
Turkey
Passenger Pigeon
Box Turtle
. Snake
�luegill

35
10
2
2
1
513
12
3
1
49
1
1

1
1
1
1
1

Imal

630

11

·

Burned

17

4

Butcher
Carnivore Woodrat Spiral
Gnawed Fracture Marked
Gnawed

1

1
1
1
177
6
2

2

1

37

1
3
1

25

23�
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FIGURE 7.9. CULTIJRALLY MODIFIED SPECIMENS FROM TIIE MULE B ARN SITE. The deer tibia
(left) shows a series of three parallel hacking marks. The beaver tibia (right) shows a series of
parallel scratches that might be interpreted as skinning marks.

While the above observations alone are inadequate for assessing the taphonomic
overprint at the Mule Bam site, the weight of all factors considered together seem to
reflect an assemblage whose origin and condition is largely the product of prehistoric
people who utilized the site. If this is the case, the Mule Bam site faunal assemblage
exemplifies a unique situation among the excavated rockshelters of the Big South Fork
area. Clearly, most other cultural rockshelter faunal assemblages appear to show a far
more complex taphonomic history. Since the number of identified specimens for many of
the taxa are relatively small, it is difficult to apply quantitative procedures that will provide
a meaningful characterization of the taphonomic signature for this assemblage (e.g.,
skeletal completeness, bone fragmentation, or other indices of cultural or natural
modification). However, it may be instructive to review the Mule Barn's position in the
foregoing analyses of taxonomic diversity. The Mule Bam was one of only a few sites
whose excavated faunal assemblage displayed a less than expected degree taxonomic
richness (see Figure 7.5, pp. 141). Many of the other sites, are similar to the Mule Bam
site (viz., large, open rockshelters containing relatively substantial lithic and ceramic
assemblages). When considering the rare situation of a Big South Fork rockshelter with a
faunal assemblage perhaps undisturbed by natural agents, once again the correlation
between a simple taphonomic history and a low degree of taxonomic diversity for a site
assemblage is evident. This again invokes the general observation that humans may be
more selective than other animals in terms of resource exploitation, a pattern which may
be distinguishable in faunal assemblages from rockshelter sites.
Ru�by Rockshelter <ROB 44)
Rugby Rockshelter (Tennessee site number 40FN92) is a large north-facing site
almost directly across the Clear Fork River from the Mule Bam site near Rugby,
Tennessee (Figure 7.7, pp. 144). This site provided the locus for the woodrat bone
experiment described in Chapter 3. A review of the physical characteristics of this site
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serve to illustrate the potential variability of rockshelters, even among the cultural sites.
Unlike the Mule B am site, the floor area of Rugby Rockshelter is strewn with various
sized rocks and boulders. These appear to be the residual product of multiple episodes of
ceiling collapse since they are arranged in several distinct layers on the rockshelter floor
'

(Figure 7. 10). The rock piles of Rugby Rockshelter contain a network of crevices,
channels, fissures, and small chambers--ideal situations for denning animals. The
rockshelter has no open level floor areas and appears to be uninhabitable for humans.
Nevertheless, tests conducted during the reconnaissance survey revealed numerous
charred bones, mostly from white-tailed deer, the gonial section of a human mandible,
and a single projectile point attributed to the Early Woodland period.
·

Since fundamental questions on the origin and condition of the bone deposits at

Rugby Rockshelter were largely unanswered from the reconnaissance survey, a formal
test excavation was implemented to investigate the bones amid one of the woodrat den
·
areas. A small crawl-way near the rear wall of the rockshelter terminated in a chamber
approximately 1 .5 x 1 .5 m with a ceiling height of .75 m. Therein, a 1 x 1 m unit was
excavated in 10 em levels down to approximately 60 em below the surface where solid
rock was encountered. The matrix from this unit was dark, highly organic, and appeared
to be unstratified except for the area from about 10-20 em below the surface. This level
was distinguished by a black ashy lens indicative of a burning episode. Many of the
bones within this level were fully calcinated, thus indicating extreme heat. The lens was
initially thought to be from a hearth; �owever, it was later found to be present in all
accessible chambers at Rugby Rockshelter. Given that all materials in this level, botanical
as well as faunal, appeared to have been burned in situ, the lens is viewed as representing
an episode in which the dried materials throughout the woodrat den areas were ignited
and burned, most likely through natural causes. The 1 x 1 m test unit at Rugby
Rockshelter yielded no direct evidences of human occupation (lithic or ceramic artifacts)
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other than the bone itself, which was of uncertain origin. Apparently the test excavation
at Rugby Rockshelter had not reached a prehistoric living surface, but merely the bottom
of a small chamber produced by rockfall from the ceiling and rear wall of the shelter.
Description of Faunal Remains at Rugby Rockshelter
Bones recovered from the test unit at Rugby Rockshelter were extremely well
preserved owing to the dryness of the site and the highly organic nature of the matrix.
However, the intense burning along with the high degree of rodent gnawing frequently
hindered the identification process. Nevertheless, a total of 3 1 3 specimens were identified
to 26 taxa at the family, genus, or species level. As Table 7. 1 1 illustrates, a large number
of the bones from the assemblage, over 70% of the total, showed evidence of burning.
Furthermore, nearly all taxa were represented by burned elements. Since the widespread
burning at this site was probably due to natural causes, the assemblage at Rugby
Rockshelter serves to illustrate the difficulty in using overall quantity of burned bone as a
taphonomic criteria. Woodrats commonly incorporate large amounts of dried botanical
material in constructing their nests. Thus, woodrat houses may provide favorable
locations for natural brush fires. As mentioned in Chapter 2, the Lewisville site is another
instance where burned bones associated with hearth-like features were attributed to brush
fires in woodrat houses (Heizer and Brooks 1965). Note, however, from Table 7.1 1 that
while most taxa in the Rugby Rockshelter assemblage were represented by burned
elements, the percentage of burned specimens was substantially higher among deer than
most other taxa. This may indicate that the deer component from the assemblage was
affected by a more complex history of burning; perhaps some specimens had been burned
by cultural activities prior to the proposed natural burning of the woodrat nests.
Table 7. 1 1 shows that numerous bone specimens in the Rugby Rockshelter
assemblage bore animal gnaw marks. The most common such modifications were by
woodrats (see Figure 7. 1 1 ). These are distinctive, parallel furrows 1-3 em long, and less
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TABLE 7. 1 1 . VER1EBRATE FAUNAL SPECIMENS AND IDENTIFIED MODIFICATIONS,
RUGBY ROCKSHEL1ER TEST EXCAVATION.

NISP

MNI

Burned

Taxa

Deer
Elk
Woodchuck
Beaver
Squirrel
S . Flying Squirrel
E. Chipmunk
Woodrat
Deer Mouse
Vole
Shrew
E. Cottontail
Black Bear
Gray Fox
Turkey
Ruffed Grouse
Wood Duck
Pied-billed Grebe
Water Snake
Colubridae
Viperidae
Misc. Snake
E. Box Turtle
Softshell Turtle
Five-lined Skink
Hellbender
Bass
Misc. Fish

144
3
2
1
25
5
1
43
12
4
3
17
3
1
3
1
1
1
2
20
2
23
5
1
1
7
1
2

7
1
1
1
3
2
1
3
5
2
2
1
1
1
1
1
1
1
1
1
1

Is:na.l

33�

�3

1
1
1
1
1

130
3
1
1
6
4
1
20
11
1
2
11
3
1
3
1
1
1
2
10
1
11
4
1

Carnivore Woodrat Spiral Butcher
Gnawed
Gnawed Fracture Marked
29

90
3

6

5

{2

5

1
1
3
2
1

1

6
1

238
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FIGURE 7. 1 1. WOODRAT GNAWED SPECIMENS FROM RUGBY ROCKSHELTER. Note the
penetration into cancellous tissue along the edges of the ilium and acetabulum of the deer pelvis.

than 1 mm in width. The furrows are characteristically shallow, with gently sloping
sides. They generally occur in multiple series and are most pronounced in dense cortical
tissue. The woodrats appeared to prefer the larger mammal elements for gnawing but
occasionally used small bones as well. The gnawing often focused on the narrow edges
of elements where the animal could get both jaws on the bone and thereby work on both
upper and lower teeth simultaneously. These areas of the bone were frequently gnawed to
a sharp edge. In extreme cases, long bones and deer phalanges were completely covered
with gnaw marks and the ends were fully removed, leaving only a tube or ring of dense
bone. As mentioned in Chapter 3 some specimens from the Rugby Rockshelter faunal
assemblage were so completely altered that they were no longer identifiable to species or
anatomical part.
Table 7. 1 1 also shows that carnivores were of some taphonomic importance in the
Rugby Rockshelter faunal assemblage. The presence of 29 gnawed specimens, all deer
elements, may be an under-representation of the actual carnivore effects since woodrat
gnawings might have obscured other evidences of carnivore marks in several specimens.
The most common type of carnivore gnaw mark was pitting (2 1 specimens), occasionally
accompanied by punctures (4 specimens). Two long bone fragments showed such
markings both on the outer cortex and on the inner wall of the medullary cavity, thus
indicating that the gnawing took place after the bone was broken. In all cases, the pitting
and punctures were much smaller than anything I have seen produced by wolves,
mountain lions, or bobcats, and they are suggestive of an animal more the size of a fox or
raccoon. Another identified modification from Rugby Rockshelter involved furrowing (9
specimens), that is, scooping of cancellous tissue from long bone ends, particularly the
distal metapodials and humerus (Figure 7. 12). These marks are similar to those made by
wolves, but they may have been produced by a smaller animal as well. In any case they
appear to attest to an animal that was attacking the bone per se rather than simply
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FIGURE 7 . 12. CARNIVORE MODIFIED SPECIMENS FROM RUGBY ROCKSHELTER. The specimen
on the left shows scooping of cancellous tissue. Specimens on the right show pitting and punctures
indicative of a small or medium sized predator or scavenger.

producing damage ancillary to defleshing; thus, these marks seem to allude to something
other than a felid.
Finally, the Rugby Rockshelter deer bones displayed several indications of human
butchering including four long bones, one rib, and one scapula each having a series of
parallel cut marks that are clearly distinctive from animal produced scorings (Figure

7 . 1 3). Once again, other signs of butcher marks may have been obscured by the heavy
woodrat gnawing. The presence of six spiral fractured deer long bones is evidence of
green bone breakage and may indicate the presence of humans or large carnivores.
Clearly, the above descriptions depict an assemblage having a potentially complex
taphonomic history. The origin of the assemblage or some portion of the assemblage may
have been the product of either human or natural agents. However, the assemblage was
certainly subjected to a variety of natural modifications, and its present location in the
rockfall chamber is likely the result of natural agents. The analyses in Chapter 3
demonstrated that woodrats are capable of transporting large amounts of bone elements
up to 1 0 1 gms in weight into den areas. The largest element recovered from the test unit
assemblage at Rugby Rockshelter was only 6 1 gms. Thus, given the locations of the
bones and the intensity of woodrat gnawing, it is quite possible that the arrangement of
the assemblage from the Rugby Rockshelter test unit was entirely the product acquisitive
rodents. However, the question of the relative contribution of humans to this assemblage
is extremely difficult to assess given only the descriptive data from Table 7. 1 1 . Thus, in
the following analyses the faunal data from the Rugby Rockshelter test excavation are
subjected to several higher level quantitative analyses in an effort to delineate patterns
which may be interpreted as uniquely cultural or natural.

Fraimentation Pattern Amoni Deer Bones. The possibility that most of the deer
bones in Rugby Rockshelter were once the product of human hunters is only weakly
supported by the presence of a few butchering marks, spiral fractures, and the high
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FIGURE 7 . 1 3. PoSSffiLY CULTURALLY MODIFIED SPECIMENS FROM RUGBY ROCKS HELlER.
The specimen on the left shows possible hack marks. The deer metapodial (center) shows a series
of distinctive scratches that might be interpreted as skinning marks. The specimens on the right are
shown as examples of spiral fractures.

degree of burning. The assessment of fragmentation patterns between elements may,
however, indicate marrow extraction activities, and thus provide another clue to the
taphonomic history of the assemblage. As previously discussed (Chapter 5) a
fragmentation index may be easily calculated for each element as the number of fragments
per element per individual: Fie = (NJSpe I MNie I N1). Table 7 . 1 2 shows that, with the
exception of the ulnae (which contain little marrow) and the mandibles (which do contain
marrow), a consistently greater degree of fragmentation is evident for the long bones than
for other element types from the deer component of the assemblage. To test whether the
difference between the mean Fls of marrow and nonmarrow bearing bones are
statistically significant, a two sample t-test was applied to the sample data. The calculation
of 3.75 for this test was sufficiently high to reject the hypothesis that the difference in
these means was purely by chance at the 95% level of confidence.
The obvious conclusion of the above analysis of fragmentation is that the deer
bones were probably subjected to marrow extraction activities. As demonstrated in
Chapter 5, however, this pattern is not necessarily indicative of humans, but perhaps
large carnivores such as wolves. Another pattern of fragmentation thought to be indicative
of wolves by Binford ( 198 1 ) is the ratio of proximal to distal long bones, particularly the
humerus. As Table 7. 1 3 shows, distal humeri were the most abundant long bone element
portions in the sample while proximal humeri were nonexistent. I would argue, however,
that the ratio of proximal to distal humerus would only be a meaningful taphonomic
pattern if it were shown to be something closer to 1 : 1 . The disparity in density between
the different ends of this element is

so

great that in all likelihood � forces that ultimately

destroy bone (woodrats, nonspecific carnivores, and even humans) could be held
accountable to the patterns shown in Table 7. 1 3. For example, Bonnichsen ( 1 973: 12)
demonstrated an identical pattern of destruction from marrow extraction activities by the
modern Calling Lake Cree Indians.
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TABLE 7 . 1 2. TABULATION OF SPECIFIC ELEMENTS AND FRAGMENTATION INDEXES
FOR DEER BONE SPECIMENS, RUGBY ROCKSHELTER.

Nispe

Elements
Marrow bearing elements

Humerus
Metapodials
Femur
Tibia
Radius
Mandible

MNie

20
32
3
3
6
10

7
2
1
1
1
2

J.1

Nonmarrow bearing elements

Ulna
Astragalus
· Calcaneus
· Phalanges
Vertebra
Pelvis
Ribs
Cranium

·

Fie

1 .43
4.0
1 .5
1 .5
3 .0
1 . 67
2. 1 8

1
4
1
6
18
9
6
7

1
3
1
1
2
6
1
1

J.1
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0.5
0.67
0.5
0.25
0.37 .
0.75
0.5
0.7
0.53

TABLE 7 . 1 3. REPRESENTATION OF DEER LoNG BONES, RUGBY ROCKSHELTER
TEST UNIT FAUNAL ASSEMBLAGE.

Element
Proximal Humerus
Distal Humerus

NISP

MNI

0
14

0
7

Proximal Radius
Distal Radius

2
3

2
2

Proximal Metapodial
Distal Metapodial

4
9

1
2

Proximal Femur
Distal Femur

0
1

0
1

Proximal Tibia
Distal Tibia

1
1

1
1
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Since the fragmentation indexes for deer bones in the Rugby Rockshelter
assemblage demonstrate the likelihood of marrow extraction activities, I suggest that the
origin of the bones at the site could not have been entirely through woodrat
acquisitiveness, although the rodents may have been responsible for the arrangement of
the assemblage within the site. Among the deer component at Rugby Rockshelter were 1 8
vertebra, six ribs, and six phalanges. A s demonstrated in Chapter 5 the presence of these
types of elements indicate that the assemblage was not the product of large carnivore
predation. Additionally, with a lack of punctures, pits, and score marks diagnostic of
large carnivores in the Rugby Rockshelter faunal assemblage, the above fragmentation
analyses allude to cultural origins with subsequent small animal modification.
Skeletal Completeness. As previously shown, woodrat houses may involve a
complex microenvironmental situation comprising secondarily nesting species,
particularly small animals. In addition, humans cannot be ruled out as potential agents of
deposition, even in the case of small microtenes (Stahl 1982). The question of the cultural
or natural origin of many of the smaller taxa in the Rugby Rockshelter assemblage may be
addressed through the application of Thomas' (197 1 ) CSI index, a technique for
distinguishing between the taxa that lived and died at or near the site (proximal
community), and those that were transported some distance post-mortem (distal
community). In the Thomas application, CSI (corrected specimens per individual) =
1 00 (NISPt) I (elements per taxa)

(MNlt)

In the numerator, the NISP, or number of identified specimens for a given taxa
are multiplied by a constant, 100, to facilitate calculation. The denominator is the product
of the MNI for the given taxa and the estimated number of elements for that taxa. The
latter variable is used to balance for the disparity of identifiable anatomical elements
between different taxa. In the CSI calculation, the higher the index, the higher the skeletal
completeness, and the more likely the given taxa resided at or near the site.
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Table 7.14 shows a breakdown of the variables of the CSI calculations for the
mammal taxa from the Rugby Rockshelter faunal assemblage. Obviously, interpretations
are hindered by the disparity in sample sizes between taxa Given the nature of the
algorithm, anything represented by one or only a few elements is bound to yield a low
CSI. However, for the taxa represented by more than five specimens, Table 7 . 14 shows
a wide range of CSI scores. The extreme scores for woodrats and deer are an indication
of the relative position of these taxa in the proximal and distal communities, respectively.
The intermediate scores for the other taxa are more difficult to interpret. One possibility is
that they represent an intermediate type of community--not as distal as deer but not
representing in situ life and death, as was likely the case with the woodrats. Another
phenomena that might account for an intermediate CSI calculation is that some individuals
within a taxa may represent proximal communities while others of the same taxa might
represent distal communities. In any case, the fact that certain taxa show lower CSI
indexes than others is not necessarily an indication of cultural utilization. A similar pattern
might be expected if these taxa had been transported as prey by carnivores, or
differentially displaced by denning woodrats. This illustrates one of the primary
difficulties in applying CSI to an actual taphonomic problem: the analysis of specimens
that were the product of a complex taphonomic history is likely to yield ambiguous
results. Clearly, in the case of the Rugby Rockshelter assemblage, more definitive
conclusions from skeletal completeness analyses might be possible if the sample size was
enlarged. In lieu of this, CSI has served to demonstrate that only woodrat bones can be
labeled as noncultural components of the proximal community in the Rugby Rockshelter
faunal assemblage.
Discussion
When all of the aforementioned characteristics of the Rugby Rockshelter faunal
assemblage are considered together the resulting taphonomic image is one of potentially
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TABLE 7 . 14. BREAKDOWN OF VARIABLES FOR CSI CALCULATIONS FOR MAMMAL
SPECIMENS, RUGBY ROCKSHELTER EXCAVATED ASSEMBLAGE.

Identifiable

Elements

NISP

MNI

CSI

Deer

89

144

7

2.2

Elk

89

3

1

3.4

Beaver

78

1

1

1.3

Woodchuck

78

2

1

2.5

Squirrel

33

25

3

25.4

S. Flying Squirrel

33

5

2

1 7.5

E. Chipmunk

33

1

1

3.0

Woodrat

33

43

3

43.3

Deer Mouse

33

12

5

7.3

Vole

33

4

2

6. 1

Shrew

47

3

2

3.2

E. Cottontail

71

17

1

23.9

1 34

1

1

.7

Fox
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great complexity. The presence and condition of bones in the site may be accountable to
humans, predators or scavengers, woodrats, or some combination of all three.
Interestingly, however, the taxonomic diversity analyses (see Figures 7.5 and 7 .6, pp.

141- 142) demonstrated that given the sample size, the Rugby Rockshelter assemblage
was less rich and less even in species than expected. A careful inspection of these figures
indicate that the lack of taxonomic diversity may be attributable to the overwhelming
abundance of deer and large mammal specimens (probably from deer as well) in the
assemblage. Thus, while the condition and arrangement of the bone assemblage at Rugby
Rockshelter was undoubtedly the product of a complex taphonomic history, the origin of
the majority of the specimens was possibly much simpler. Background research (Chapter

5) demonstrated that only two indigenous animals, the wolf and the mountain lion, were
capable of large-scale deer predation. Even feral dogs have been shown to be ineffective
as deer hunters (Progulske and Baskett 1958; Scott 197 1; Sweeny et al. 1975). With a
lack of gnaw marks diagnostic of large predators, the presence of numerous vertebra,
ribs, and phalanges, the presence of a few butchering marks, and the indication of
marrow extraction activities, it is reasonable to conclude that most of the deer bone, (i.e.,
the majority of the bone specimens in the Rugby Rockshelter faunal assemblage) were
initially deposited by human hunters. While the woodrat specimens were probably
entirely natural, the remainder of the assemblage is of uncertain origin. It is perhaps an
inextricable mixture; the product of both natural and cultural agents. In all likelihood,
Rugby Rockshelter once contained a substantial archeological assemblage that was
entirely obscured by massive rockfall, and could not be reached by the 1 x 1 m test unit.
Consequently, much of the faunal assemblage from the test unit represents only that
which was brought up through the fissures in the rockfall by locally denning woodrats.
Thus, any zooarcheological analyses of the sample assemblage are by necessity restricted
to nondiachronic studies of white-tailed deer exploitation.
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BRT 110
BRT 1 10 (Kentucky site number 1 5MCY266) lies at the base of a bluff line
approximately 250 m above the north bank of the Big South Fork River, several hundred
meters upriver from the Blue Heron Mine 1 8 coal tipple (Figure 7.7, pp. 144). It is a
large, north facing, lunate shaped rockshelter with a two-tiered floor area (Figure 7.14).
The upper level consists of a dry, sandy area, relatively flat and unobstructed by rockfall
or other natural debris. The lower level is dominated by a shallow pool fed by a small
seasonal waterfall created from surface runoff above the rockshelter. A distinctive feature
of the lithology of BRT 1 10 is the numerous flat, parallel slab rock formations protruding
from the rear wall and ceiling of the rockshelter. These appear to be aeolian erosional
remnants of harder, more indurated sandstone inclusions in the Pennsylvanian-age strata,
and seem to reflect a relatively long period of geomorphological stability at the site.
As a result of the variable wetness and flatness of the floor area of BRT 1 10, not
all portions of the site are equally hospitable for habitation. All artifacts found during the
reconnaissance survey were restricted to the extreme northeast sector of the site. The site
showed some evidence of disturbance by relic hunters. However, soil augers revealed a
relatively pristine area in the central east section of the site where a 1 x 2 m test unit was
excavated to a depth of about 90 em, at which level bedrock was encountered. The top 20
em of the unit was comprised of an organic, dark-brown sandy loam. Below this level
were various strata consisting of inorganic yellow sands. The fact that no artifact
_
materials were recovered below 30 c1_11 again indicates the relatively long-term erosional
stability of this rockshelter. Most of the artifacts from the BRT 1 1 0 test unit consisted of
lithics (23 nonutilized, noncortical flakes). However, two plain, sand tempered ceramic
sherds were recovered indicating a Woodland period occupation.

1 67

�

�
�

•

..

U pper Level

n
/ � - - - - --""
o.
' O"
Upper Le vel

d

�

·�

en
Q)

<if'�.

/

s,.. .

'?'

"'

\

H i g h s l ope AreoI

\

.,

''
Lower Level

\

\'

"if'le/

or� �
'
' '
/
, ,_, J

\

BRT 1 1 0

2m
N

- Test U n i t 1 - I n i t ial Excavation Unit
miiiD Test Unit 2 - Subsequent Test Unit

t/Z1

Sandstone Boulders

FIGURE 7.14. PLAN MAP OF BRT 1 10.

Description of Bone Remains at BRT 1 10
Faunal materials from BRT 1 10 were well preserved, perhaps owing to the
dryness of the matrix in the area of the excavation. A total of 4 1 7 specimens were
identified to 27 animal taxa (fable 7 . 1 5). This assemblage contrasts with most other
cultural rockshelters in the dominance of small rather than large mammals, primarily
woodrats, deer mice, and other microtenes. Interestingly, the floor in the vicinity of the
excavation unit is open, unobstructed by rockfall or other natural debris, and appears to
offer little cover for animal dens. The fact that four specimens displayed woodrat gnaw
marks suggests that some denning had occurred, perhaps in the nearby crevices along the
rear wall of the rockshelter; however, the intensity of woodrat occupation was relatively
low by comparison with Rugby Rockshelter. The lack of suitable coverage for denning is
perhaps also reflected in the scarcity of distinctive marks indicative of carnivore gnawing.
As Table 7 . 1 5 shows, only two specimens, a deer vertebra with punctures and furrows
and a large mammal long bone fragment with pitting marks were indicative of the
presence of a small-to-medium sized predator or scavenger.
Faunal remains at BRT 1 10 also show little direct evidence of cultural
modification. While a single long bone fragment was identified with a spiral fracture, no
clear skinning or butchering marks were discernible. However, most of the deer
specimens were small, and extremely fragmented. Approximately 1 4.6% of the
assemblage bones show evidence of burning; the highest percentage is among deer and
large mammal. In any case this is a substantially lower percentage than the mean number
of burned specimens (42.9%) identified among cultural rockshelter faunal assemblages
from the reconnaissance survey (Table 7.7, pp. 1 30).
With a relatively low proportion of deer and large mammal specimens, little
evidence of cultural modifications, and a large number of microtene and small animal
taxa, the faunal assemblage of BRT 1 10 appears to have very substantial noncultural
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TABLE 7. 1 5. VER1EBRATE FAUNAL SPECIMENS AND IDENTIFIED MODIFICATIONS,
BRT l l O TEST EXCAVATION.

NISP

MNI

9

2

Burned

Taxa

Deer
Large Mammal
Raccoon
Woodchuck
Opossum
Squirrel
E. Cottontail
S . Flying squirrel
E. Chipmunk
Woodrat
Deer Mouse
Vole
Shrew
Keen's Myotis
Small Mammal
Screech Owl
E. Box Turtle
Water Snake
Colubridae
Viperidae
Fence Lizard
Frog
Toad
Hellbender
Walleye
Minnow

Total

35
1
1
1
28
11
13
3
50
38
13
17
1
46
1
6
1
55
3
8
3
5
1
1
1

357

1
1
1
2
1
2
1
2
6
1
5
1

4
22

Carnivore Woodrat Spiral
Gnawed Fracture
Gnawed
1
1

4

0

4

1

3
1
1
3
2
1
13

1
1
1
1
1
1
1
1
1
1
1

38

1
1

52
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component. Since the site offers little ground cover and few opportunities for denning
predators or scavengers, another mechanism for bone accumulation must be considered.
One clue for identifying agents of accumulation at BRT 1 10 may be in the specific
taxonomic composition of the assemblage itself. Table 7 . 1 5 shows a dominance of small
mammals, mainly woodrats, deer mice, shrews, voles, and flying squirrels. As discussed
in Chapter 4, these are favored prey among owls. Also supporting the hypothesis of owl
predation at the site is the morphology of the rockshelter itself. The ceiling and rear wall
of this rockshelter are dominated by numerous flat sandstone protrusions. These occur in
the deeper recesses of the eastern portion of the site, and along with a secondary ledge
near the excavation unit, appear to provide a favorable roosting locus in the twilight zone
of the rockshelter. Finally, and perhaps most important is that the BSFAP excavation of
BRT 1 10 was conducted under the scrutiny of a medium sized owl (probably a barred
owl) perched in a tree just outside the drip line of the rockshelter.
As alluded to at the end of Chapter 4, the application of quantitative procedures
that can provide a meaningful characterization of the taphonomic signature of small animal
assemblages may be severely limited by diagenetic processes, not the least of which
include archeological excavation and recovery. The matrix from the initial test unit from
BRT 1 10 was "shovel-skimmed," troweled, and dry screened with .32 em wire mesh.
This is hardly an ideal technique for intact recovery of small, delicate bones. Thus, in
order to secure an unbiased sample for fragmentation analyses, a supplemental
investigation was conducted in BRT 1 10. This involved excavation of another 1 x 2 m
unit adjacent to first unit. In this subsequent excavation, matrix was removed in chunks
rather than skimmed; rather than screening in the field, all matrix was transported out of
the site and processed by water screen with . 1 6 em (l/1 6 inch) wire mesh. Finally, the
bones from the mouse-sized component of the recovered faunal assemblage were
carefully separated and tabulated into fragmentation categories, (defmed in Chapter 4)
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preparatory to applying Kintigh's (1984) diversity analysis (Table 7. 1 6). In Figures 7 . 1 5
and 7. 1 6 the richness and evenness of the distribution over the fragmentation categories
for this sample are plotted relative to the diversity distributions generated from the
experiment with seven species of raptors (Chapter 4). As these figures demonstrate, by
comparison with the experimental data the BRT 1 10 assemblage materials show a less
than expected degree of richness, and an intermediate degree of evenness of
fragmentation categories. Thus, fragmentation patterns from the BRT 1 10 sample are
more similar to patterns for large and medium sized owls than for hawks or small owls.
The low degree richness of fragmentation categories is attributable to the preponderance
of whole or nearly whole elements in the sample--a very clear indicator that the
assemblage was not the product of diurnal raptors. As a final analysis step, Kendall's Tau
coefficients were calculated between the data from BRT 1 10 and the raptor experiment to
test whether rank-order similarities exist in the distribution of specimens among
fragmentation categories between the various samples. As Table 7 . 1 7 shows,
significantly high correlation coefficients were indicated between the BRT 1 10 sample
and the owl pellet samples.
Discussion
The analyses of the faunal material from excavations in BRT 1 10 suggest that, in
some respects, this site is exemplary of the most complex depositional history possible
among Big South Fork rockshelters. Much of the small mammal component was
probably the product of owl regurgitations. However, predators and scavengers,
woodrats, and humans were once present and are undoubtedly responsible for the
deposition and modification of at least some portion of the sample. With the hodgepodge
of taphonomic agents responsible for the BRT 1 10 assemblage, the application of general
techniques for the separation of natural and cultural fauna, (e.g., skeletal completeness)
would probably yield very ambiguous results. However, it is interesting to review the
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7 . 1 6. BONE SPECIMENS FROM MOUSE SIZE TAXA RECOVERED FROM BRT 1 10
SUPPLEMENTAL EXCAVATION.

Portion and %
Element
Mandible
Scapula
Humerus
Radius
Ulna
Pelvis
Femur
Tibia

Proximal/Anterior
25 50 75 100
6

6

Distal/Posterior
25 50 75

6

2
1
2

3
3
2

9
3
5
1
2
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7.17. KENDALL'S TAU RANK-ORDER CORRELATION COEFFICIENTS FOR FRAGMENTATION CATEGORIES
BElWEEN SEVEN SPECIES OF RAPToRS AND BRT 1 10 DATA.

Taxa

Gr. Homed

BRT 1 10 sample

.204 (.039)

Barn owl

.

51 8 ( * )

Screech owl

Barred owl

Red-tailed

Rough-leg

Sparrow hawk

.479 ( * )

.642 ( * )

.057 (.603)

.033 (.769)

-.045 (.683)

Significance probability is shown in parentheses.
Significant values at the .05 confidence level are shown in bold type.
( * ) = values less than .001 .
....&.

-....�
en

relative position of BRT 1 10 to other sites in terms of taxonomic diversity. As Figures
7.5 and 7.6 (pp. 141- 142) illustrate, relative to the overall excavation sample, BRT 1 1 0

has extreme richness and evenness of taxonomic categories. As earlier stated, this appears
to be a characteristic of assemblages that are the product of complex taphonomic histories
and might be regarded as an admonition by researchers seeking to put forth
zooarcheological interpretations from rockshelter sites.
Faunal Assembla�esfrom the Rockshelters ofthe Bi� South Fork:

Taphonomic Variability and Zooarcheolo�cal Methodolo�y.

In the above analyses the faunal materials from the Big South Fork Archeological
·

Project were evaluated with the aim of assessing the contribution of natural and cultural
agents in light of relevant taphonomic research. This was actually a reanalysis, since I had
first examined the materials approximately three years earlier, prior to the initiation of any
of the research presented in Chapters 3-5. The differences between the outcome of the
two analyses of the same materials can be described as dramatic. In the initial analysis I
was acutely aware of potentially complex taphonomic histories of the rockshelter
assemblages but I was unable to recognize patterns that might be associated with specific
causal agents. For example, the reader is referred to my report (Hoffman 1 986) in which
I was forced to omit discussions of several sites, most notably BRT 1 1 0, because I
simply had not been able to determine what processes had been operative in their
assemblage formations. In the reanalysis, however, I was able to successfully identify
patterns in bone modification, taxonomic composition, and diversity, and correlate them
with a broad spectrum of influences. In summary, the reanalysis of the faunal materials
from the rockshelters of the Big South Fork River area revealed that assemblages may
range from fully natural to fully cultural. The majority, however, exemplify a mixture of
both natural and cultural constituents. In extreme instances, three classes of natural
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taphonomic agents, woodrats, raptors, and predators and scavengers, along with humans
may contribute to the formation and modification of rockshelter faunal assemblages. In
evaluating the utility of the applied techniques for separating cultural from natural
components in assemblages, I am somewhat less encouraged. In instances of
assemblages that were the product of complex taphonomic histories the applied
techniques for characterizing bone modification, taxonomic composition, and diversity
were useful in identifying the potential taphonomic agents as well as indicating in a
general way the relative strength of their contributions. However, these techniques cannot
provide a means for distinguishing between the culturally and nonculturally deposited
specimens. Consequently, given the present level of available methodologies, researchers
are severely limited in the possibilities for either archeological or paleoecological
interpretations from rockshelter faunal assemblages that were the product of very complex
taphonomic histories.
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CHAPTER S
SUMMARY AND CONCLUSIONS
The foregoing work is viewed as an exercise in a very fundamental aspect of
archeological analysis, namely the elaboration and testing of methodologies for
understanding the historical integrity of zooarcheological deposits. Following methods
established in the field of paleontology, the focal point of this study was the
biostratinomic and fossil diagenetic history of bone assemblages from rockshelters in the
Big South Fork River area of the Cumberland Plateau. To summarize, survey and limited
excavation among a sample of 2080 rockshelters revealed 92 separate bone assemblages
of variable size, taxonomic composition, and state of preservation. At least 54 of these
assemblages were from rockshelters which also contained some evidence of prehistoric
cultural utilization. However, the relative contribution of natural and cultural agents to
these samples were not immediately evident. Thus, formal analyses were conducted to
examine the potential of three groups of natural agents, woodrats, raptorial birds, and
mammalian predators and scavengers, for the production and modification of bone
assemblages in rockshelter contexts. Through a variety of background research and
experimental studies these agents were shown to have the following taphonomic
characteristics:

1 . Woodrats may collect bones from natural or cultural assemblages and relocate
them to den areas within rockshelters. While not all factors in bone collection are
understood, woodrats appear to favor specimens between .3 and 101 gms. This weight
based preference may result in a defacto selection for animal taxa of a particular size.
Bones may be moved very rapidly, over comparatively long distances; movements may
occur vertically or horizontally depending on the morphology of the related den area.
Considering all factors, woodrats must be regarded as a potentially important taphonomic
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agent in rockshelter contexts, highly proficient in altering previously existing natural or
cultural faunal assemblages, and capable of producing relatively large, fully natural
assemblages consisting of a variety of locally occurring taxa.

2. Raptorial birds, particularly owls, may utilize certain rockshelters as daytime
roosting sites. Favored locations include ledges or cavities in the twilight zones of deep
rockshelters. Bones may be deposited below the roo sts from pellet regurgitations, a
natural function of the digestive systems of these birds. Substantial accumulations of
bone from owls may occur as a result of their tendency for long-term occupation of sites,
and high degree of bone preservation in pellets. The taxonomic composition of
assemblages produced by owls will reflect the known food habits of the various birds.
Prey species may include mammals varying in size from small microtenes to rabbits and
squirrels. Prey selection is ordinarily a function of the size and species of the owl and
local abundance of prey species. While bones from owl pellets are better preserved than
other classes of raptor pellets, the identification of owls as depositional agents in a fossil
assemblage may be difficult since the original number of individuals that comprised the
assemblage are unknown. However, in the case of small

mammals

such as mice, shrews,

and voles the degree of fragmentation of the elements may be diagnostic of certain
raptors. In general, large and medium sized owls produce a relatively low degree of
fragmentation and uneven distribution of specimens over the various fragmentation
categories as a result of the birds consuming their prey whole and regurgitating primarily
unbroken elements. Small owls and diurnal raptors, on the other hand, produce a high
degree of fragmentation and relatively even distribution of specimens over fragmentation
categories as a result of particular eating habits and turbulent digestive processes.
3. At least 10 species of predatory or scavenging mammals· may have once resided
in the Big South Fork River area and utilized rockshelters as hunting or denning sites.
Bone assemblages may be generated by these animals through transporting of prey, either
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whole or predigested to denning sites; from predation or scavenging in rockshelters; or
through

in situ death as members of the proximal community. The likelihood of

substantial predator or scavenger bone accumulations is perhaps a function of the
serviceability of particular rockshelters as denning sites (i.e. , having adequate natural
cover within the rockshelter). The taxonomic composition of bone assemblages produced
by predators or scavengers will reflect known food habits of the relevant agent. Predatory
and scavenging mammals may also have an important influence on the condition as well
as presence of bones in fossil assemblages. Certain taxa produce distinctive markings
such as pits, punctures, and scorings as a result of mastication processes. However,
since behavior related to bone modification may be variable within taxa, or consistent
between taxa, patterns related to furrowing, or scooping of cancellous tissue, long bone
fragmentation, and relative frequency of specific elements or portions of elements may be
diagnostic only of nonspecific predatory or scavenging agents.

In the above analyses the objective was to elucidate patterns associated with
specific causal agents which may be present and recognizable in archeofaunal contexts.
Thus, the faunal materials from Big South Fork Archeological Project rockshelters were
reevaluated with the aim of assessing the relative contribution of natural and cultural
agents in light of the relevant taphonomic research. The preliminary analyses of the Big
South Fork assemblages focused on discerning patterns inherent in the samples relative to
the tentative separation of cultural and noncultural sites (via the presence or absence of
associated artifacts). Statistical analyses of a sample of site data compiled during the
reconnaissance survey revealed that physical characteristics of rockshelters (e.g. , size,
floor slope, sediment depth, and degree of moisture) were probably related to the
presence of bone only insofar as they were related to cultural utilization, which was
highly correlated with bone. Thi s implies that animals responsible for the production of
faunal assemblages were perhaps somewhat less focal in the types of rockshelters they
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utilized than humans. Subsequently, the analysis of four simple types of bone
modification (degree of fragmentation, burning, carnivore modification, and rodent
gnawing) from the 83 survey assemblages revealed that all forms except for woodrat
gnawing were significantly correlated with the presence or absence of cultural material.
J

This demonstrated that woodrats are very generalized in their utilization of rockshelters
and their disruptive effects are equally likely to be felt among cultural as noncultural sites.
Finally, the assessment of taxonomic diversity from the survey samples suggested that
cultural assemblages may be less varied than natural assemblages, an indication that these
humans were more selective

in sampling this environment than the animals.

The problem of the identification of natural and cultural agents from faunal
assemblages was more expressly considered with the analyses of faunal samples from the
BSFAPdeep test excavations, which were restricted to sites that contained prehistoric
artifacts. The total sample of 21 assemblages were applied to a model of taxonomic
diversity; the high degree of variability demonstrated by this aspect of the analysis was
interpreted as an indication of the varying complexity of taphonomic involvements even
among the cultural rockshelter assemblages. When assemblages from three specific sites
were examined in greater detail the full breadth of the taphonomic spectrum was revealed.
Sites may range from totally natural to totally cultural; the majority, however, are
exemplary of a mixture of both natural and cultural constituents. In extreme instances, all
three classes of natural taphonomic agents, woodrats, raptors, and predators and
scavengers, along with humans may contribute to the formation and modification of
rockshelter faunal assemblages. A primary factor in assessing the taphonomic potential of
a given site may involve the internal morphology of the related rockshelter and the
availability of natural cover. This may have a direct bearing on the suitability of a site as a
denning locus for woodrats, predators and scavengers, and a roosting locus for raptorial
birds. The ultimate identification of specific taphonomic agents in an assemblage is a
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product of the recognition of distinctive patterns on material remains, distinguished
through relevant background research and experimentation. However, the delineation of a
definitive taphonomic signature for specific agents is difficult since behavior related to
assemblage production and modification may be variable within taxa, or consistent
between taxa. Thus, single observations are inadequate for assessing the taphonomic
overprint at a given site and researchers must consider the weight of multiple lines of
evidence collectively.

In the extreme cases of mixed assemblages, natural and cultural components can
appear nearly inextricably intertwined, thus severely limiting the possibilities for either
archeological or paleoecological interpretation. Whether the natural and cultural
components of a faunal assemblage can be legitimately separated under such conditions is
a question of the strength of the available taphonomic methodologies. The evaluation of
this latter question has been one of the primary aims of this project Obviously, the
conclusion is that no general techniques are presently available for defmitively sorting out
the natural and cultural constituents in extremely mixed assemblages. However, as stated
at the outset, the primary goal of this project was to evaluate natural processes which
might significantly affect the interpretation of archeofaunal materials rather than attempt to
produce "cookbook" guidelines for extracting cultural information from naturally altered
assemblages.

In evaluating the success of this research toward this initiative the reader is

urged to consider momentarily the state of all archeological methodology at the time of
this writing. Binford ( 198 1 :290) suggested that the maturity of a science can be measured
by the adequacy or robustness of its methods. In its present state, archeology must be
viewed as an fledgling science since its operational instruments are generally inadequate
for measuring alleged causes and effects in the archeological record. Likewise, as a
principal methodology for assessing the historical integrity of archeofaunal assemblages,
taphonomy clearly falls short of being a mature scientific method. However, in the spirit
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of I. A. Efremov, researchers must continue to regard taphonomy as a science, not as an

art. The art approach to taphonomy might operate by intuitive reasoning, reliance on
nonempirically-based assumptions, or inadequate recognition of potentially relevant
criteria. Unfortunately, examples of these techniques are all too prevalent in the field of
archeology today. On the other hand, the scientific approach to taphonomy assumes that
processes involved in the fossilization of animal remains are orderly and knowable; thus,
our ability to interpret the post-mortem history of faunal assemblages is restricted mainly
by the inadequacies of our methodologies, not the state of the assemblage itself. As I
frankly admitted at the outset, my initial motivation in this research was to produce the
definitive analysis of the taphonomy of the rockshelters of the Big South Fork. What I
had to settle for was something less ambitious: a rather elementary, as yet not fully tested
set of guidelines for recognizing certain patterns in archeological materials, and
associating them by logic of analogy to possible causal phenomena. I am optimistic,
however, that this is a practicable approach for advancing the state of methodology in the
field of archeology, perhaps even progressing toward the development of a serviceable
body of archeological theory.
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